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Background: Aquatic exercise is a nonpharmacologic intervention recommended for 
knee osteoarthritis (KOA) management. This study aimed to determine the 
effectiveness of 3-months of aquatic exercise program on KOA symptoms, physical 
fitness, and quality of life in overweight/obese adults with KOA. Methods: Eligibility 
criteria were 40 ≤ age ≤ 65 years; BMI ≥ 28 kg/m2; clinical and radiographic KOA. 
Participants were randomized in aquatic exercise group (AEG) and control group (CG). 
Physical Fitness was assessed by Six Minutes Walking Test (6MWT), Chair Sit and 
Reach Test (CSR), Five-Repetition Sit-To-Stand Test (FRSTST), Handgrip Strength 
Test (HST) and isokinetic and isometric knee strength tests. KOA symptoms and 
quality of life were assessed by self-reported questionnaires (Knee Injury and 
Osteoarthritis Outcome (KOOS), Brief Pain Inventory (BPI), Beck Depression Inventory 
(BDI), International Physical Activity Questionnaire (IPAQ), Weight and Lifestyle 
Inventory (WALLI). Body composition and morphology was measured by DXA scanner 
and waist, hip and thigh circumferences. Descriptive statistics and Pearson Correlation 
Coefficient were used for baseline analyses; Univariate Analyses of Covariance 
(ANCOVA) was used as primary analyses. Results: Final sample included 48 adults 
(BMI: 35.0±4.9 kg/m2; age: 55±7 years.), 23 in the CG and 25 in AEG. Regarding 
physical function, significant group effect was found for 6MWT, FRSTST (p<.001) and 
Isokinetic flexion peak torque, in both knees (p<.05). Regarding KOOS; BPI and BDI, 
significant group effect was found in all dimensions. Conclusion: PICO aquatic 
program was effective in improving KOA symptoms, physical fitness and health-related 
quality of life of its practitioners. Trial Registration: NCT01832545  
KEY WORDS: Aquatic Exercise; Knee Osteoarthritis; Pain; Obesity; Physical Fitness  
IV 
Resumo 
Introdução: O exercício aquático é considerado uma opção não farmacológica  no 
tratamento e controlo dos sintomas da osteoartrose do joelho (OAJ). O principal 
objetivo deste estudo foi determinar a eficácia de um programa de 3 meses de 
exercício aquático nos sintomas, aptidão física e qualidade de vida de adultos com 
sobrepeso ou obesos com OAJ. Métodos: Os critérios de elegibilidade foram 40 ≤ 
idade ≤ 65 anos; IMC ≤ 28 Kg/m2 e diagnóstico clínico e radiológico de OAJ. Os 
participantes foram randomizados em grupo de exercício aquático (GEA) e grupo 
controlo (GC). Aptidão física foi avaliada pelos testes de Seis Minutos Marcha (6MM), 
Sentar e levantar da Cadeira 5X (SLC), Sentar e alcançar, Alcançar atras das costas, 
força de preensão manual e avaliação isométrica e isocinética da força dos músculos 
do joelho. Os sintomas e qualidade de vida foram avaliados por questionários de 
autorrelato: Questionário KOOS sobre o Joelho, Inventário Breve da Dor (IBD), 
Inventario de Depressão de Beck (IDB), Questionário Internacional de Atividade Física 
(IPAQ), Inventário do Peso e estilo de vida (IPEV). A composição corporal e morfologia 
foram avaliados por DEXA scanner e medidas de circunferência. Estatística descritiva, 
coeficiente de correlação de Pearson, análise Univariada de covariância (ANCOVA) e 
regressão linear múltipla foram os métodos estatísticos utilizados. Resultados: 48 
adultos (IMC: 35.0±4.9 Kg/m2, idade: 55±7 anos) completaram o estudo, 23 no GC e 
25 no EAG. Quanto à função física, foi encontrado efeito de grupo significativo no 
6MM, SLC (p<.001), no pico de torque da força de joelho na flexão, em ambos os 
joelhos (p<.05). Efeito de grupo significativo foi encontrado nas dimensões do KOOS; 
IBD e IDB. Conclusão: O programa aquático PICO foi eficaz para promover a 
melhoria dos sintomas da OAJ, da aptidão física, estado psicológico e qualidade de 
vida relacionada com a saúde de seus praticantes. Registro de Clinical Trial: 
NCT01832545 
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Chapter 1: Introduction 
This chapters presents the dissertation structure and the list of abstracts 
and works related to the PICO project (Intervention Program Against 









Rheumatic diseases (RD) include over 150 disorders, and although death rates are 
low, they are one of the primary causes of compromised quality of life and absenteeism 
from work, with significant economic and social consequences[1].  
In Portugal, RDs are responsible for 40 to 60% of cases of prolonged physical 
incapacity in daily activities, 43% of absenteeism from work, and 35 to 41% of early 
retirement due to illness[2]. The prevalence of rheumatic diseases, both in Portugal and 
worldwide, is increasing, with significant repercussions for public health. 
Following the establishment of the “Bone and Joint Decade” by the World 
Health Organization (WHO)[3], the Portuguese government established the National 
Program Against Rheumatic Diseases (2004 – 2010), which aimed to improve the 
quality of life of patients with arthritis[2]. This was followed by the creation of the 
ONDOR (Observatório Nacional contra as Doenças Reumáticas or National 
Observatory Against Rheumatic Diseases)[4] in 2003 by the Portuguese Society of 
Rheumatology and the Faculty of Medicine of Porto. Since that time, the ONDOR has 
published two books with reports of their work, “O estado da reumatologia em 
Portugal”[5] and “Doenças remáticas em Portugal: da investigação às políticas de 
saúde” [6]. The Portuguese Epidemiologic Study of Rheumatic Diseases (EpiReumaPt), 
started in 2014, is an ongoing, national, population-based, cross-sectional, 
epidemiologic study to estimate the prevalence of rheumatic diseases and health-
related quality of life in Portugal.  
According to the WHO[1], rheumatoid arthritis, osteoarthritis, osteoporosis, 
spinal disorders and severe limb trauma are the osteoarthritis (OA) conditions with the 
greatest impact on society and risk to an individuals’ quality of life, leading to loss of 
autonomy and incapacity, and are becoming a serious international public health 
problem. Because the knee is the most affected weight bearing joint[7], there is a high 
prevalence (11.1%) of knee osteoarthritis (KOA) in the Portuguese population[8].   
Obesity, prior knee injury, physical activity levels, lower limb strength and the 
extent of alignment/misalignment of body segments are the most often cited potential 




obese[9], and this value is expected to increase as the rate of obesity[10] increases and 
the population ages[11]. 
The guidelines for KOA management include recommendations for a 
combination of pharmacological and non-pharmacological approaches. Exercise is 
considered an effective non-pharmacological treatment and is recommended by the 
Osteoarthritis Research Society International (OARSI)[12-14], the American College of 
Rheumatology (ACR)[15] and the European League Against Rheumatism (EULAR)[16]. 
Among exercise modalities, aquatic exercise can play an important role in reversing the 
framework of loss of functionality and in controlling OA symptoms [12-14]. However, there 
are few published articles with detailed aquatic exercise protocols, and these studies 
have not been consistent with respect to the methodologies used and populations 
studied. 
The present dissertation, entitled “Obesity and Knee Osteoarthritis: 
Effectiveness of PICO aquatic exercise program on symptoms, physical fitness and 
quality of life” is a result of the PICO project (Intervention Program Against 
Osteoarthritis / Programa de Exercício Contra a Osteoartrose) that aimed to develop 
an adequate aquatic exercise program for obese individuals with KOA. 
1.2  Dissertation structure  
The organization of this dissertation is intended to provide a fluid and continuous 
overview of the effects of an aquatic exercise program on pain and functional capacity 
of overweigh/obese individuals with KOA. Articles or abstracts related to this work that 
have been previously submitted or published can be found in the appendices. This 
dissertation is organized as follows: 
 Chapter 2 includes a literature review of the topic, highlighting general 
characteristics of KOA, its constraints and how exercise is related to KOA 
management. In addition, there is a review of the current literature regarding 
aquatic exercise programs, along with the main gaps that currently exist 
regarding the study of aquatic exercise effects on KOA.   
 Chapter 3 presents the aims of the study that supported this project.  
 A detailed review of the methodology used in the study is described in Chapter 
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4. Two articles included in the appendices describe specific methodologies.  
 In Chapter 5, the results of the study are organized into three parts. The first 
part presents sample characterization and data analyses for baseline 
outcomes. The second part has the analysis of the effectiveness of aquatic 
exercise and the third part includes all complementary analyses.  
 Chapter 6 contains a general discussion that provides a summary and 
integrated discussion of the main findings obtained in this study. This chapter is 
organized into three parts as described in Chapter 5 (results). 
 Chapter 7 contains the conclusion, research findings, practical implications and 
suggestions for future studies 
 The Bibliographic references are presented after chapter 7, at the end of 
document, in a numbered format. 
 Appendices are after the References section and include all material that is 
cited throughout the dissertation and that is essential to the integrity of the work 
presented. All submitted or published articles related to this project are also 
included. 
1.3 Publications that are related to the dissertation 
1. Yázigi F, F. C, Espanha M: Development of the Knee OA Pre-Screening 
Questionnaire (KOPS) (under review). Int J Rheum Dis 2014. 
2. Yazigi F, Espanha M, Vieira F, Messier SP, Monteiro C, Veloso AP: The PICO 
project: aquatic exercise for knee osteoarthritis in overweight and obese 
individuals. BMC Musculoskelet Disord 2013, 14:320.1. 
3. Yázig F, M. E, Marques A, Vitorino J, Silva I, Sousa M, Cunha C: Predictive 
Factors of 6MW Test in Obese  Individuals with Knee OA. Acta Reumatol 
Port 2012, 37:66-67.Suppl. 
4. Cunha C, Vieira F, Yázigi F, Espanha M, Carnide F: Influence of physical 
activity and pain levels on lower limb morphology in obese adults with 
Knee OA . In International Convention on Science, Education and Medicine in 








Chapter 2: Literature Review 
Topics in the literature review are presented from a general overview 
about KOA, highlighting general characteristics of KOA, its relation with 
obesity and quality of life. Thereafter, literature support about exercise in 
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2.1 Knee Osteoarthritis  
Although rheumatic diseases (RD) have low death rates, they are one of the primary 
causes of compromised quality of life and absenteeism from work, with attendant 
economic and social consequences[5, 17]. In Portugal, RD are responsible for 40 to 60% 
of cases of prolonged physical incapacity in daily activities, 43% of cases of 
absenteeism from work, and 35 to 41% of early retirements due to illness[2]. 
Osteoarthritis (OA) is the most prevalent rheumatic disease and represents a 
great risk to the quality of life of the individual due to its effect on lower extremity based 
activities (such as walking up and down stairs, climbing and squatting)[17-19] and the 
consequent loss of autonomy. OA is considered a disease of the whole joint that may 
result from multiple pathophysiological mechanisms[20] and involves joint degeneration, 
including degradation of articular cartilage and subchondral bone[5, 21, 22], which can 
lead to bone sclerosis and formation of bone cysts and marginal osteophytes (Fig. 1). 
The causes of OA are not completely understood but it is thought to be a 
complex, adaptive response of the joints to biomechanical, genetic and environmental 
events [23]. In OA, imbalances in subchondral bone turnover can lead to thickened, low-
quality bone, which contributes to cartilage loss, joint space narrowing and thinning of 
the trabecular bone[24]. 
OA signs include molecular, morphological, biochemical and biomechanical 
changes in both cells and the extracellular matrix, which lead to tissue softening, 
fibrillation, ulceration, loss of articular cartilage, sclerosis, and eburnation of 
subchondral bone, osteophytes and subchondral cysts. Recent studies have 
demonstrated that low-grade inflammation plays a pathophysiological role in OA. The 
severity and symptoms of OA, as well as its progression and the consequent 
impairment in physical fitness, may be mediated, in part, by the extent of chronic 
inflammation[25, 26] 
In general OA affects knees, hips, hands and spine joints; however, the knees 
are the most commonly affected weight bearing joint[7]. Knee osteoarthritis (KOA) can 
compromise an individual’s quality of life and exhaust considerable healthcare 
resources, making this rheumatic disease a stand out among the public health 




Rheumatic Disease (ONDOR) reported a prevalence of KOA in the Portuguese 
population of 11.1% (IC95%: 9.4-13.1)[8], and this value is expected to increase due to 
increases in obesity [10] and an aging population[11]. 
KOA can occur in both joints of the knee, patellofemoral and tibiofemoral joints, 
but it is more common in the medial tibiofemoral compartment, most likely because the 
medial compartment bears 60–80% of the compressive loads in the neutrally aligned 
knee during normal walking[30] and because of the higher frequency of varus 
malalignment[31].   
 
Fig. 1. Knee (http://en.wikipedia.org/wiki/Knee) and RX of a primary osteoarthritis of the left knee. Note 
the osteophytes, narrowing of the joint space (arrow), and increased subchondral bone density (arrow). 
Age, obesity, occupation, lower limb muscle weakness, previous knee injury 
and misalignment are the main KOA risk factors reported in the literature, however, 
only obesity, occupation and strength are considered modifiable factors[32-35]. In the 
predictive model presented by Zhang and coworkers (2011)[36], six risk factors were 
related to KOA incidence (age, sex, BMI, occupation, family history and knee injury) 
and four risk factors were related to KOA progression (age, sex, knee injury and 
sports). Inflammation and biomechanical factors, such as joint loading, are also 
recognized risk factors that can exacerbate the progression of KOA [37-39].  
2.1.1. Symptoms and quality of life 
When clinically evident, KOA causes joint pain, tenderness, functional impairment, 
morning joint stiffness, joint position stiffness, crepitus, occasional effusion and variable 
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degrees of inflammation without systemic effects[40]. In general, these symptoms 
compromise both joint stability and the capacity to perform movements during daily 
activities.  
Pain is the main symptom of KOA and can result from the wear of the 
subchondral bone, which is widely innervated[41], or from local factors, such as synovial 
inflammation caused by by-products of cartilage degradation. The manifestation of this 
pain can have a mechanical or an inflammatory pattern[42]. Mechanical pain is related to 
knee joint movements and weight-bearing activities, intensifying with increased knee 
joint strain and disappearing after short rest. Additionally, it can increase with 
prolonged periods of inactivity, and can disappear after some gentle movement of the 
joint.  
The occurrence of inflammatory pain is less predictable, is often described as 
burning, may be accompanied by swelling and a sensation of warmth, and can be 
increased by different factors[42]. Synovitis may activate sensory nerves, leading to pain 
symptoms and neurogenic inflammation[20]. Pain can inhibit muscle activity and, 
therefore, contribute to the loss of strength, alterations in loading, and changes in gait 
velocity [43, 44]. Although arthrogenic muscle inhibition (AMI) has been well documented 
after knee joint injury, pain and excessive intra-articular fluid, which is associated with 
the inhibition of alpha motor neurons due to abnormal afferent information from 
sensitized articular receptors, also compromise the ability to fully activate the 
quadriceps and hamstring muscles in KOA[45, 46]. 
The World Health Organization’s definition of Quality of Life (QOL) is a broad 
ranging concept that is affected in a complex way by the person's physical health, 
psychological state, level of independence, social relationships, personal beliefs and 
their relationship to salient features of their environment[47].   
The symptoms of KOA can deeply affect a patient’s QOL; therefore, the 
implementation of interventions to control these symptoms and improve overall quality 
of life should be considered. In this dissertation, the dimensions of the patient’s life that 
were considered with respect to their level of health and QOL included physical well-





The resources available for KOA diagnosis include clinical evaluations (specialist 
examination and questionnaires) and biochemical or imaging methods[49-51]. The 
American College of Rheumatology (ACR) established three levels of diagnostic 
criteria for KOA: clinical only (92% sensitivity; 75% specificity), clinical and radiological 
(95% sensitivity; 69% specificity) or clinical and laboratorial (91% sensitivity; 86% 
specificity)[49].  
Considering financial constraints, the clinical diagnostic criteria are the most 
viable option for primary care. According to the clinical criteria, KOA diagnosis should 
be based on the presence of knee pain in combination with at least three of the 
following variables: age>50, short-lived morning stiffness (<30 min), crepitus, 
tenderness, bony enlargement and no palpable warmth[49]. More recent 
recommendations from the European League Against Rheumatism (EULAR) for clinical 
KOA diagnosis are based on three symptoms (persistent knee pain, morning stiffness 
and functional impairment) and three clinical signs (crepitus, restricted movement and 
bony enlargement)[52]. A recent study concluded that crepitus could be an important 
symptom for detection of KOA progression in the patellofemoral joint[53]. 
Laboratory and imaging methods are costly and the connection between the 
results and KOA symptoms are not clear, particularly in the initial stages (pre-
radiographic KOA, Kellgren-Lawrence radiographic grade 1)[54]. Although x-rays alone 
can provide a bone overview, the Kellgren-Lawrence (K-L) severity index is considered 
a useful method for KOA detection in epidemiological studies [55]. Magnetic resonance 
imaging (MRI), despite being a very expensive technique, is a sensitive tool that can 
identify joint components and some cartilage degeneration in the early stages[51, 56, 57]. 
According to Schipohof and coworkers[58], the MRI definition for tibiofemoral 
osteoarthritis (definite osteophyte and full-thickness cartilage loss or a combination of 
these factors with other MRI OA features) is a more sensitive method for detecting 
structural KOA than the Kellgren-Lawrence method[58]. However, more studies are 
necessary to verify which MRI findings in early OA are clinically important[53, 59].  
For public health purposes, self-report questionnaires are still considered a valid 
and accessible method for KOA screening, but it is necessary to improve diagnostic 
instruments to ensure that interventions occur in the early stages.  
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The available KOA-related questionnaires can be organized into two groups: 
patient outcomes and screening instruments. The first group includes questionnaires 
related to patient outcomes (functionality, signs, symptoms and quality of life)[60-65], 
while the Western Ontario and McMaster Universities Arthritis Index (WOMAC)[60] and 
the Knee Injury and Osteoarthritis Outcome Score (KOOS)[62, 66] are widely used 
screening instruments.  
The WOMAC has been validated with three types of scales: visual analog[60], 
Likert[60] and a numerical rating scale (NRS)[67]. The NRS allows an immediate 
evaluation and can be used on the phone or with a computerized touch screen (pain: 
Intraclass Correlation Coefficient (ICC)=0.915, rho=0.88; stiffness: ICC=0.745, 
rho=0.77, function: ICC=0.940, rho= 0.87). 
The KOOS is considered an extension of the WOMAC and is a specific 
instrument developed to assess patients' perceptions about their knees, functional 
status and knee-related quality of life. The KOOS was validated with a sample of 21 
participants with Anterior Cruciate Ligament (ACL) injuries. Its test-retest reliability after 
a 9-day interval showed an ICC of 0.75 for the Daily Living subscale (ADL), 0.81 for the 
Sport and Recreation subscale (Sport/Rec), 0.86 for the knee-related Quality of Life 
subscale (QOL), 0.85 for the Pain subscale and 0.93 for the Other Symptoms 
subscale[62] (O.Symptoms). The KOOS’s responsiveness over 6 months was verified by 
assessing the effect size (QOL=1.65; Pain=0.84; ADL=0.94; O.Symptoms=0.87 and 
Sport/Rec=1.16)[62]. The construct validity of the KOOS was assessed in comparison to 
the SF-36 questionnaire[66]. 
2.2 Obesity and  Knee Osteoarthritis   
Knee Osteoarthritis (KOA) is highly prevalent in obese individuals[32]. The analyses 
published in 2010 by International Obesity Task Force (IOTF)[68], a part of the 
International Association for the Study of Obesity (IASO), estimated that, worldwide, 
approximately 1.0 billion adults are currently overweight and a further 475 million are 
obese. 
In Portugal, more than 50% of population are overweight (25<BMI≤29.5 
kg/m2) or obese (BMI≥30 kg/m2), with a prevalence in adults (18-64yrs) of 66.6% 




(males) and 74.7% (females)[9]. With increasing rates of obesity[10] and the aging of the 
Portuguese population[11], the expectations are that the prevalence of KOA will 
increase.  
There is a bidirectional interaction between KOA and obesity (Fig. 2) where 
weight load exacerbates mechanical pain, a symptom that markedly affects the 
individual’s quality of life. Mechanical pain can cause irritability, sleeplessness, 
depression[69], and physical and psychological changes that may aggravate the 
disease, providing a general loss of functionality and, thereafter, inactivity. The majority 
of patients with KOA do not achieve the recommended levels of physical activity[14, 70], 
which can lead to weight gain and obesity[71]. The combination of obesity and KOA 
creates a vicious cycle of pain, physical activity reduction, loss of functionality, and 
disease progression leading to more physical activity avoidance[72], weight gain and 
increased pain. These cycles can be worsened with depressive symptoms, which are 
associated with obesity and KOA symptoms[69, 73, 74], where each can trigger and 
influence the other, further compromising the quality of life.  
 
Fig 2. Bidirectional relationship between obesity and KOA cycle 
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In addition to local effects due to increased joint loading, obesity has systemic 
metabolic effects in KOA[75] caused by the higher concentrations of inflammatory 
markers (such as TNF-α and leptin) that are predominantly secreted by adipose tissue 
in obese individuals. These, in turn, can induce the production of IL-6 and C-reactive 
protein (CRP)[76]. The pathogenesis of obesity is characterized by hypothalamic 
inflammation and a subsequent, central resistance to leptin, which compromises the 
normal role of high leptin concentration to reduce food intake and increase energy 
expenditure. In addition, leptin increases the synthesis of TNF-β, a stimulator of 
osteophyte formation[77]. The resulting low-grade inflammation plays a 
pathophysiological role in OA because it can affect muscle function, lower the 
individual’s pain threshold, and affect chondrocyte homeostasis, leading to 
degenerative changes in cartilage[25, 38, 78].  
Weight loss in the prevention[34] and treatment of KOA is gaining increasing 
importance[12] because it provides a reduction in the load exerted on the knee during 
daily activities and can decrease the pro-inflammatory action of cytokines and 
adipokines, which are strongly activated by obesity[79-82]. Furthermore, in addition to 
reductions in pain manifestation, obesity is a controllable risk factor and decreasing its 
occurrence should contribute to a reduction in KOA progression.  
Walking is one of the most important functionalities of the human being and is 
essential for autonomy and an independent life[83]. The aerobic capacity and walking 
ability in different populations have been evaluated by the Six Minutes Walking Test 
(6MWT), and reference values related to obesity and KOA have been published[36, 84-88].  
Walking, as well other weight bearing movements, is the most common 
exercise pattern recommended for obese individuals when initiating their weight loss 
exercise program, however, the existence of knee pain and other KOA symptoms could 
be a constraint for exercise motivation and adherence, especially if symptoms of 
depression are also present[69, 89].  
2.3 Exercise on Knee Osteoarthritis  
The recommendations for KOA management include pharmacologic and non-




modalities can include acetaminophen, oral and topical NSAIDs, tramadol, and intra-
articular corticosteroid injections. 
Exercise is an effective non-pharmacological treatment for the management of 
KOA and is recommended by the Osteoarthritis Research Society International 
(OARSI)[12-14], by the American College of Rheumatology (ACR)[15] and by the 
European League Against Rheumatism (EULAR)[16]. Other non-pharmacologic 
modalities include weight loss in overweight patients, medial wedge insoles for valgus 
KOA, subtalar strapped lateral insoles for varus KOA, medially directed patellar taping, 
manual therapy, walking aids, thermal agents, tai chi, self-management programs, and 
psychosocial interventions [12-15].  
Aerobic, aquatic and resistance exercise have been shown to help interrupt the 
cycle of pain-physical activity reduction, control KOA symptoms, improve posture and 
physical fitness[15], and act to modify risk factors such as body mass index (BMI) and 
muscle weakness[71]. However, the benefits of an exercise program depends on 
participant adherence, which, according Bennel (2011)[90], is very difficult to achieve in 
individuals with KOA symptoms. 
Several reports indicate that an exercise program for KOA should be a broad 
intervention that includes cardiorespiratory training[15, 91, 92], lower limb strengthening[93-
97], flexibility[83, 90], gait training[83, 98], and balance and posture training[99]. In addition, 
weight reduction (in cases of obesity)[12, 35], patient education[13, 15] and a psychological 
approach should be considered [73, 92]: 
 Cardiorespiratory training: Aerobic exercise is one of the main physical fitness 
components and is correlated with an improvement in cardiovascular and 
respiratory function, a reduction in cardio-metabolic disease risk factors and a 
reduction in morbidity and mortality[100]. In addition to providing individuals with 
KOA the ability to perform daily living activities that require sustained aerobic 
metabolism[101], cardiorespiratory training has been shown to effect pain 
control[15] and reduce disability[91]. The Six Minutes Walking test has been 
widely used for aerobic fitness assessment and reference values for obese 
adults, obese adults with KOA and healthy individuals are shown in table 1. 
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Table 1: Reference values of 6MWT for KOA, obese and health subjects. 







(m/s)     (years) 
Hulens et al.(2003)[85] 82 18-65 BMI≤26 kg/ m2 722 64 2.0 
 
85 18-65 BMI≥27 kg/ m2 591 54 1.6 
 
133 18-65 BMI≥35 kg/ m2 539 68 1.5 
Beriault et al.(2009)[84] 21 40-65 BMI=37±10 kg/ m2 452 9 1.3 
Capodaglio et al (2013)[102] 227 20-60 BMI=43±5 kg/ m2 564 62 1.6 
Miller et al (2006)[87] 87 ≥60 KOA; BMI≥30 kg/ m2 442 8 1.2 
Messier et al (2013)[103] 150 ≥55 KOA;BMI=33±5kg/ m2 480 15 1.3 
Wang et al (2011)[104] 84 ≥55 KOA 331 9 0.9 
Kennedy et al.(2005)[105] 150 50-73 KOA 412 123 1.1 
Kervio et al.(2003)[106] 12 60-70 aparently healthy 545 21 1.5 
Jones et al. (1998)[107] 861 60-64 aparently healthy 639 88 1.8 
 
1566 65-69 aparently healthy 600 102 1.7 
 
1813 70-74 aparently healthy 580 100 1.6 
Troosters et al. (1999)[108] 51 50-85 aparently healthy 631 93 1.8 
Camarri et al.(2005)[109] 33 55-75 aparently healthy 659 62 1.8 
Carvalho et al.(2008)[110] 32 65-71 aparently healthy 515 28 1.4 
 Lower limb strength training: Muscles constantly interact with the synovial joints, 
and this can influence the osteoarthritis process. The main goal of 
recommended strength training is to maintain basic muscle functions 
(movement, joint stability, the absorption of mechanical shock and 
proprioception[111], avoiding muscle weakness, improving body stability, and 
posture and body weight support). In addition to being considered essential for 
the performance of daily activities[100], strength training has a positive effect on 
the prevention of lower limb injury, one of the KOA risk factors[93]. Weakness of 
the quadriceps is a frequent occurrence in KOA and previous clinical trials have 
shown that quadriceps strength training is effective for the improvement of pain 
and physical fitness[94, 95]. Obesity combined with sarcopenia, termed 
sarcopenic obesity, is also closely associated with the prevalence of KOA[75]. 
Intensive strength training can change thigh composition and has shown 
promise in treating the underlying biomechanical (knee-joint loading) and 
inflammatory disease pathways[112]. However, in cases of varus malalignment, 
its effects on pain and on the external Knee Adduction Moment (KAM) have 




analyses, recent approaches suggest that the strengthening of hip abductor 
muscles can reduce medial knee loading[97]. Reference values for knee strength 
in adults with KOA are cited in table 2. 
Table 2:  Reference of main published articles of knee strength and KOA. 
Article Strength Protocol 
 
N BMI±SD Results 
   Authors Year Age (years±SD) (Kg/m²) 




29±5 Ext:0.8±0.4 Nm/kg 




30±4 Ext:1.44 ±0.4Nm/kg  
Diracoglu et al.[115] 2009 








Malas et al.[116] 2013 













F: 67±25  Nm 
M:(62±8) 
 
M:122±52  Nm 
Kean et al.[118] 2010 





Isometric extension  
 
1.81±0.8 Nm 




29±5 1.33±0.5 Nm/kg 




<25 1.17±0.4 Nm/kg 
25-<30 1.1±0.4 Nm/kg 
30-<35 1.0±0.4 Nm/kg 
≥35 0.82±0.3 Nm/kg 
Lund et al.[121] 2008 




Normal Ext:71±26 Nm 
flexion (60º/s)  
 
Flex: 35±14 Nm 
Trans et al.[122] 2009 








Flex: 39.5±12 Nm 
Isometric extension  
 
Ext: 70±24 Nm 
         flexion   
 
Flex: 37±13 Nm 
 
 Flexibility: Patients with symptomatic KOA have poorer flexibility in both the 
affected and unaffected leg[83], mainly in the hamstrings muscles[123]. Inclusion 
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of stretching exercises is recommended in every exercise training program for 
adults[100] and can improve the range of motion and physical function in 
individuals with KOA[90].  
 Gait training: In addition to being considered an aerobic exercise, walking is one 
of the most important functionalities of the human being and is essential for 
autonomy and an independent life[83]. Functional limitations imposed by KOA 
symptoms and by obesity cause obese individuals with KOA to employ different 
gait patterns to find better balance and avoid pain. Hulens and his team 
(2003)[85] suggest that knee pain is an important predictor of the 6MWT in obese 
individuals, based on their observation that the distance walked by this group in 
the study was significantly inferior to lean individuals (table 1). A correct walking 
pattern could generate some difficulty and joint discomfort during practice, 
therefore, a multicomponent training has increasingly been suggested. In 
addition to strength, flexibility and aerobic components of training, gait training 
should be considered[98].   
 Stability and posture training: KOA includes symptoms of instability[99]. Recent 
evidence has suggested that changes in lower limb biomechanical factors 
during weight bearing activities may have substantial impact on the ability to 
maintain a neutral spine posture while moving the extremities in a manner that 
is independent of the trunk. Stability and posture training is therefore imperative 
for proper movement and function in all daily activities. 
 Weight reduction (in cases of obesity): The OARSI recommendations[12] for 
weight loss in the treatment of KOA are gaining increasing importance [79-82]. For 
a general weight loss program, the ACSM guidelines[100] recommend a 
reduction of 5-10% of initial weight over 3-6 months by an intervention of 
moderate to intense aerobic exercise, resistance-training and behavior 
intervention. In cases of KOA, Messier and coworkers (2005)[80] reported that a 
weight reduction of 1 kg was associated with a knee load reduction of 4 units 
per step, a clinically meaningful reduction when considered over the many 
steps performed each day. 
 Education: This intervention should include general information for a healthy 
lifestyle and specific information about KOA, its implications and alternatives for 




can help in pain control. The routine of pain self-assessment is essential for 
understanding its response to exercise and for management of exercise 
intensity. The essence of an educational program should be to help patients 
learn to live with the disease while improving their quality of life and reaching a 
feeling of wellness [13, 15, 124].  
 Psychological approach: Factors such as fear, anxiety, and depression have 
adverse effects on the disability in people with KOA[69, 73, 92], and like pain, 
depression is considered a major obstacle for KOA management[69, 89]. An 
individual’s perception of pain severity can be influenced by centrally mediated 
factors and behavioral components[125]. A structured exercise group class can 
be an effective way to increase motivation by providing a social support for 
exercise adherence and, thereby, promoting lifestyle changes[100]. In addition, 
exercise and physical activity improve factors related to psychological distress 
and these changes could lead to improved pain and function in people with 
KOA.  
2.3.1.  Aquatic Exercise 
Aquatic exercise (AE) is an exercise modality that is a group of exercises performed in 
the water, mainly in the vertical position. AE has been used for rehabilitation 
(hydrotherapy)[126-130], for athletic training[131-135] and for general fitness[136-141]. According 
the Aquatic Exercise Association[142], AE can be practiced in shallow or deep water 
pools and, for both, can be performed with or without music and with or without 
accessory equipment. In general, positive effects of AE have been reported for aerobic 
fitness[143-146], strength[147-150], flexibility[151-153]; body composition[154-156], balance[149, 157-
161], functional capacity for daily living activities[153, 162, 163], relief of symptoms in some 
musculoskeletal disorders[127, 164], quality of life[165], and psychological factors such as 
depression, state of anxiety, and self-esteem[166]. 
The main characteristics of AE are the utilization of the hydrostatic and 
hydrodynamics properties of water. The specific properties of water such as hydrostatic 
pressure, buoyancy and the hydrodynamic resistance are factors that explain the 
reported chronic adaptations associated with AE programs[167, 168]. 
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AE has become popular as a modality for improving cardiorespiratory fitness 
while avoiding excessive joint loading[167, 169]. There are some AE programs that are 
used worldwide and recognized by international aquatic exercise associations[170, 171], 
including Jogging (JO), Cross Country Ski (SK), Jumping Jacks (JJ), Kicks (KC), 
Rocking Horse (RH), Water Walking (WW), Alternating Leg Curl (LC) and Twist (TW). 
Most AE classes, which are not physiotherapy, use music to provide motivation, 
exercise rhythm and acceleration to help reach the desired intensity. The guidelines of 
the Aquatic Exercise Association (AEA)[171] recommend that aerobic aquatic exercise 
classes be performed in water between 28-30º C so as not to compromise the 
endocrine responses. Water temperatures above 32º C are recommended for passive 
work, relaxation techniques or for individuals with low movement levels, but are not 
advisable temperatures for aerobic or strength based exercise[172]. In cases of patients 
with low aquatic abilities, the Arthritis Foundation Guidelines suggest a superior limit 
range of water temperature of 31º C[170].  
According to AEA guidelines, beyond the variation in music cadence, exercises 
in water can be performed in three different cadences (land tempo, water tempo and 
half-water tempo), and this should be considered when planning research protocols[171]. 
Barbosa and coworkers.[173] studied the effect of music cadence on heart rate (HR) and 
lactate when performing the “rocking horse” in water tempo and found a significant 
correlation between HR and music cadence (r=0.61; p<.01) and between lactate and 
music cadence (r=0.54; p<.01), providing important information for instructors who 
intend to use music during classes. Alberton and coworkers[134] studied the water 
running exercise in comparison with maximal land tests and found greater 
cardiorespiratory responses with increases in music cadence at land tempo AE. With 
respect to cardiorespiratory training, Raffaelli and coworkers[169] compared 
cardiorespiratory responses across several AE programs and they concluded that the 
Alternated Front Kick had higher VO2 and calorie expenditure than Side Kick, Jogging 
and Jumping Jacks, when performed at the same music cadences. 
With respect to biomechanics it’s well known that buoyancy force is responsible 
for softening the impact of vertical movements by reducing the vertical ground reaction 
forces (V-GRF), which are lower in water than on land for the same exercise[140, 174-176]. 
Therefore, buoyancy is considered the main mechanism for reduction of the intra-
articular compression forces in AE[177, 178]. The magnitude of the impact generated by 




practitioner and the technical standards chosen[167, 178, 179]. In addition, some exercises 
are made easier, even with muscle weakness, when performed toward the surface of 
the pool (and are thus assisted by buoyancy force), while others are made harder when 
performed toward the pool bottom (and are thus resisted by buoyancy force)[180]. 
With respect to the main AE programs, studies reveal that stationary exercises 
performed with vertical propulsion of the body have a greater impact than those 
obtained in exercises with horizontal displacement of the body, such as water 
walking[174]. Moreover, they show that, among stationary movements, Cross Country 
Ski had a lower V-GRF peak than alternated Front Kicks and Water Running[174]. The 
authors of this study explained that, due to the buoyancy and drag forces created by 
the contralateral movement, it is possible to reach high intensities without an increase 
in V-GRF, mainly because of the absence of heel strike and the accentuated propulsive 
support phase in maximal velocities[175, 181]. With respect to the V-GRF, another study 
assessed mechanical loading from body weight by using plantar pressures and found, 
for the same water depth and exercise cadence, that the alternated Knee Lift provided 
higher impact than Cross Country Ski, and that Cross Country Ski had a higher impact 
than Jumping Jacks[179]. 
Concerning neuromuscular aspects, an important difference between AE and 
land exercise is that, in AE, joints are surrounded by water, thus providing multiplanar 
movements that allow agonist and antagonist muscles to work in the same movement. 
For example, the neuromuscular function of the quadriceps and hamstring muscles, 
acting as agonists and antagonists in the repeated knee flexion-extension exercises, 
was modified by the flowing properties of water, where an early reduction of agonist 
activity occurred concurrently with a high level of activity of the antagonists while the 
level of antagonistic activity was low throughout the range of motion[182]. On the other 
hand, these same authors suggested that, in a single trial exercise, the level of agonist 
activity was higher during the final phase of the range of motion when compared with 
the repeated exercises. 
2.3.2. Aquatic Exercise an KOA 
Considering the aquatic exercises characteristics and the exercise components   
suggested in the present dissertation to be included in all KOA intervention programs 
(cardiorespiratory training[15, 91, 92], strength training[93-97], flexibility training[83, 90], gait 
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training[83, 98], posture and balance training[99],patient education[13, 15] and psychological 
approaches)[73, 92], the analyses of literature previously published (Table 3) indicates 
that aquatic exercise, when correctly structured, can be a very complete and 
embracing exercise type for KOA[168, 171, 183]. Another important aspect of aquatic 
exercise is that a person in pain has difficulty with weight bearing exercises, and due to 
buoyancy, aquatic exercise allows aerobic and resistance exercise to be accomplished 
with less joint overload[151]. 
Table 3: Reference of main published articles of exercise for KOA.   
         Article Sample Intervention Assessments 





Type Days weeks  
Bennel et al. [114] 2013 82 ≥50 29.6 (4) LE   12 
Gait analysis, Pain ,WOMAC, 
strength  
Foley et al.[184]  2003 105 71±9 25-28 AE/LE 3 6 
Isometric Quadriceps strength; 
WOMAC;SF-12 
Gill et al. [185] 2009 82 70±9 31±5 AE/LE 2 6 Pain;WOMAC;SF-36 
Hinman et al.[165] 2007 71 ≥50 33±6 AE 2 6 
WOMAC;PASE;6MWT;Step test;   
Strength 
Kim at al.[183] 2012 70 ≥60 25-28 AE 3 12 
Self- efficacy, body weight 
Depression, pain and blood lipid 
level 
Lim et al. [186] 2010 75 ≥50 ≥25 AE/LE 3 8 
BPI;SF-36; Strength   WOMAC; 
Body fat 
Lund et al. [121]  2008 79 ≥50 25-28 AE/LE 2 8 Pain ;KOOS; Balance; Strength 




WOMAC,;6MWT, QOL (SF36),Gait 
analysis; Strength; Self-image; 
Mental Health 
Schlenk et al. [88] 2011 26 63±10 33±6 LE 6 24 
WOMAC;6MWT;Short Physical 
Performance Battery 
Silva et al. [188]  2008 30  >50 25-28 AE/LE 3 18 WOMAC, pain,50 ft 
Suomi et al.[148] 2003 64 60-79 
 
AE/LE 2 8 
Functional fitness, ADLs and  
strength 
Wang et al.[104] 2011 84 ≥55 25-28 AE/LE 3 12 ROM; 6MWT; KOOS 
Wyatt et al. [189] 2001 46  45-70   AE/LE 3 6 ROM, thigh girth, pain , 1-mile walk 
Thorstensson et al[190] 2005 61 56±6 29±5 LE 2 6 KOOS;SF36 
Abbreviations: AE= Aquatic exercise; LE= Land exercise; 6MWT= Six Minutes Walking Test; WOMAC=; Western 
Ontario and McMaster Universities Osteoarthritis Index; BPI=Brief Pain Inventory; KOOS= Knee injury and Osteoarthritis Outcome 




Several studies have examined the effects of water exercise (hydrotherapy, 
aquatic exercise) on KOA outcomes[104, 121, 139, 151, 153, 157, 161, 165, 183-186, 188, 189, 191-194], 
mainly on symptoms, functional capacity, knee strength and quality of life. However, 
there is no consistency among most of these aquatic exercise studies[101, 195, 196] 
regarding sample characteristics and methodology used, such as exercise quality and 
volume, intensity management, water temperature, water depth and cueing strategies 
used[101, 195, 196]. The present literature review indicates that the best results for aquatic 
exercise programs were obtained in trials longer than 11 weeks, or at least with a total 
of 24 sessions. However, many studies used protocols shorter than this.  
The primary articles on land or aquatic exercise for KOA, that involved samples 
similar to the present dissertation study or had detailed methodologies that were 
considered relevant, are referenced in table 3. 
Lim and coworkers[186] and Wang and coworkers[104] compared land and aquatic 
exercise and provided detailed information about exercise protocols. Regarding sample 
characteristics, the majority of KOA studies have worked with age groups above 55 
years old and elderly groups, and with normal weight to obesity grade 1. There are few 
study protocols focusing on obese adults with KOA. However, Hinman and 
coworkers[165] studied the effect of aquatic exercise on KOA symptoms and physical 
fitness of obese adults with KOA, and despite their use of a twice weekly program that 
lasted only 6 weeks, they had significant improvements. In the study of Kim and 
coworkers[183], a solid exercise methodology was presented that used music for 
motivation and the basic aquatic exercise patterns were applied according the AEA 
guidelines[171]. Although the study of Messier[187] only applied a land protocol, the 
detailed methodology, the sample size, and the sample characteristics were similar to 
those of this dissertation study and they included a strong educational component. 
Based on this literature review, it is clear that there is a need to develop and 
validate detailed and controlled exercise protocols for obese adults with KOA 
symptoms, with the intent to disrupt the KOA/Obesity cycles. Thus, specific goals for 
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3.1 Aims of the study 
This study is based on the premise that every person beginning an exercise program 
for fitness improvement should go through a screening for symptoms of 
musculoskeletal disorders, mainly KOA, and in cases where symptoms occur, a 
specific intervention for its management should precede the regular fitness programs, if 
possible.  
The need to improve non-pharmacological interventions for individuals with 
KOA is obvious, and aquatic exercise is an option for obese patients because it 
minimizes joint load. Although water exercise is frequently encouraged, relatively little 
research has been conducted in this area compared to land-based exercise. 
The present study aimed, as its main goal, to design and implement an aquatic 
exercise program specific for improvement of KOA symptoms, physical fitness and 
health-related quality of life in overweight and obese adults with KOA. In addition, the 
construction and validation of the Knee OA Pre-Screening questionnaire (KOPS) 
(Appendix 3) was conducted. Although this was not a part of the primary aim of this 
study, it was considered important for solving methodological problems relating to the 
recruitment of patients for further interventions and reducing x-ray costs. This process 
was very important because it involved a thorough review of the literature about KOA, 
its risk factors, symptoms and its epidemiology.  
We believe that the PICO aquatic exercise could help a person learn how to live 
with their disease, control pain and other symptoms, and change their outlook about 
KOA. The feeling of having control over their symptoms could trigger a series of 
positive changes, including physical function improvements and lifestyle changes, and 
could ultimately help prevent KOA progression.   
Knowing that participants performed the tests to the best of their ability and with 
maximal effort, and that they were truthful in all self-reported answers, the following 
specific goals were defined: 
1. To design and implement an aquatic exercise program based on the Arthritis 
Foundation/YMCA Aquatic Program and with the methodological contribution of the 




2. To investigate the effects of the PICO aquatic exercise program on knee pain and 
other KOA symptoms of overweight and obese individuals; 
3. To investigate the effects of the PICO aquatic exercise program on physical fitness 
(aerobic, strength, flexibility and physical function) of overweight and obese 
individuals with KOA; 
4. To investigate the effects of the PICO aquatic exercise program on KOA health-
related quality of life, specifically on the capacity to perform activities of daily living, 
sports and recreation and on mental health; 
5. To investigate the aquatic exercise effect on body composition; although the 
aquatic program has been designed specifically for KOA symptoms, health-related 
quality of life and physical fitness, we intended to investigate potential effects on 
body composition in individuals; 
6. To understand how KOA symptoms and physical fitness are associated in 
overweight and obese individuals; 
7. To investigate the KOA symptoms, physical fitness and quality of life outcomes 
according to body mass index groups;   
8. To investigate the factors that affect walking capacity in overweight and obese 
adults with KOA; 
9. To perform the lower limb contralateral analyses to investigate the existence of 
differences in knee strength, body composition and body morphology, between the 







Chapter 4: Methods 
This chapter includes the methodology used in the present study, already 
published (Appendix 12).Clinical Trial Registration: NCT01832545  . 
Yazigi F, Espanha M, Vieira F, Messier SP, Monteiro C, Veloso AP: The PICO 
project: aquatic exercise for knee osteoarthritis in overweight and obese 
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4.1 Study Design 
During the literature review and in the development process for sample recruitment, 
was felt the need to use a tool to help in the pre-screening of individuals who were 
more likely to have KOA in order to carry out the X-ray examination.  
Due the fact of there are few questionnaires published in the literature related to 
KOA screening, although the major subject of this dissertation is about exercise 
intervention, the development of the Knee OA Pre Screening Questionnaire (KOPS) 
(Appendix 4) was done in parallel of the main study (Fig.3). Additionally, details of 
KOPS construction and validation process can be consulted in the appendix 13 (article 
under review). 
 




PICO was a single-blinded, randomized controlled trial with a duration of 3 
months, 12 weeks. Participants were randomly assigned to one of two groups: aquatic 
exercise (AE) group and control group (CG) and assessed in two moments. The 
researchers and personnel responsible for data collection were blinded to the group 
classes. The study protocol was approved by the Ethical Committee of the Faculdade 
de Motricidade Humana, Universidade de Lisboa. All of the participants were informed 
about the procedures and potential risks of the trial, and informed consent was 
obtained from each subject (Appendix 2). 
4.1.1. Sample 
Considering the calculation of the sample size, the studies of Messier in 2009[197] and 
Wang in 2007[151] were used as references because they had a sample with similar 
characteristics and studied similar outcomes. Both studies showed that a reduction of 
symptoms in patients with KOA led to a significant improvement (α<0.05) of the primary 
outcome measure, the self-reported physical function. To find an analogous 
improvement of self-reported physical function of approximately 25%, between the 
baseline and final measurements in patients with KOA, the minimum number of 
required patients for the main outcomes was 20. The requirement number of 20 
patients was based on a power (1-B) of 0.80 and a significance level of 5% (two-sided). 
When a dropout rate of 20% is taken into account, at least 25 participants were 
required to be involved at study onset. 
Final sample at baseline included 52 individuals randomized in two groups, as 
illustrated in fig 3. From 80 volunteers, 61were forwarded to X-ray where 52 fulfilled the 
clinical and radiological ACR criteria. 
Eligibility 
Participants in this study were community-dwelling adults from the Lisbon area, 
volunteers that fulfilled  the following inclusion criteria:  
(a) age between 40 and 65 years;  
(b) BMI≥ 28.0 Kg/m2;  
(c) knee pain;  
(d) Clinical and radiographic KOA (unilateral or bilateral KOA grade I-III, 
tibiofemoral OA or tibiofemoral plus patellofemoral OA);  
(e) a sedentary lifestyle (defined as not participating in a program that incorporates 
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more than 30 minutes per week of formal or supervised exercise;  
(f) independent mobility;  
(g) and reading and writing knowledge. 
The exclusion criteria for subjects were: 
 hip or knee replacement or knee surgery within the 6 months prior to the 
study;  
 knee injections within the past 3 months. 
 unstable medical conditions;  
 skin diseases. 
4.1.2. Trial conduct 
The recruitment and selection process was performed according to the aforesaid 
eligibility criteria. To avoid convenience sampling, different strategies were created for 
advertising and publicizing the PICO project, namely, social networks, television 
interviews, newspapers and the collaboration of entities/companies made up the main 
channels for PICO announcements.  
All eligible individuals who contacted the study secretariat went through the 
same selection process, namely, a telephone-based pre–selection stage followed by a 
face to face interview and completion of the screening questionnaire - KOPS (Appendix 
4), which supplied information about demographics, symptoms, signs and risk factors 
for KOA occurrence. Volunteers who, after completing the questionnaire, fulfilled the 
ACR criteria for clinical diagnosis[199] received a request for an x-ray examination. The 
exams were referred to a rheumatologist who made the final diagnosis according to 
ACR clinical and radiological criteria. If KOA diagnosis was confirmed, the subject was 
invited to a further interview for a detailed explanation of the project and familiarization 
with the places for performing the tests as well with the instruments to be used.  
4.2 Intervention Programs 
During intervention phase, two free of charge programs were established, the Aquatic 




4.2.1. Aquatic Exercise (AE) 
The aquatic program was based on the guidelines of OARSI and EULAR for KOA 
management[12, 16], on the Aquatic Exercise Association Guidelines (AEA)[171], on the 
Arthritis Foundation Aquatics Program instructor’s manual[170], on the ACSM’s 
Guidelines for Exercise Prescription[100] and on the analysis of protocols from previous 
studies [104, 151, 186, 187, 192, 194, 196]. 
The aquatic program was organized into 24 sessions which were distributed 
over 12 consecutive weeks, with a frequency of twice a week (table 4). The duration of 
each session was 60 minutes, as 10 minutes were allotted for patient reception, blood 
pressure control, pain registry and educational talks; the effective time inside the water 
was 45 minutes. The indoor pool area had an air temperature of approximately 27±1ºC 
and a controlled water temperature of 30.5±0.5ºC. 
The strategies for production of a high quality aquatic exercise intervention  
were structured according to AEA guidelines[171] and included overload assessment 
and management, impact level control (1, 2 or 3)[171], exercise cadence control and 
appropriate music selection according to exercise goals. In addition to the use of varied 
and pre-defined cool-down sessions each week, a strong motivational component and 
pain assessment were anticipated to have an impact in this protocol.  
To meet the aims of the study related to KOA management, quality of life and 
fitness improvements, the AE protocol had specific goals that were organized by  
sessions according table 4. The primary goals included cardiorespiratory training, 
strength training, joint mobilization and gait training. The secondary goals were aquatic 
adaptation, flexibility, stability training, socialization and mental health.  
All sessions followed the same structures design. Warm up was structured 
based on the combination of recruitment of large muscles groups with travelling 
movements (walking patterns) and with main joints mobilization, in static position. 
Considering the cardiorespiratory component, in first 3-4 weeks  this component 
was worked out mainly by the exploration of different walking patterns in combination 
with upper limb movements. Posteriorly, basic aquatic aerobic exercise patterns were 
introduced. Exercise cadence, changes in the movement direction and its trajectory, 
acceleration and arm levers were used to vary the exercise intensity. The individual 
aerobic training zone was calculated for each participant by Karvonen formula and, the 
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Rate of Perceived Exertion Borg CR10, adapted Borg Scale (0-10), was used for 
control aerobic target zone, according to guidelines for exercise intensity 
management[100]. Also, heart rate monitors were used every class to guarantee the 
desired intensity zone and to help participants acquire consciousness of exercise 
intensity. Aerobic exercises was worked with an alternative method to the continuous 
training method, where the heart rate is worked out within the minimum and maximum 
range of the heart rate target zone, and it sets were performed in intercalary way with 
resistance strength sets. As schematized in table 4, the cardiorespiratory component 
was introduced by small bouts of duration and low intensity, being progressively 
increased.  
The intensity of strengthening exercises was controlled by the Omni - Perceived 
Exertion Scale for Resistance Exercise (OMNI-RES) and the specific strength 
exercises were performed to recruit the following muscle groups: quadriceps, 
hamstrings; hip adductors/abductors, gluteous, abdominals, erector spinae, quadratus 
lumborum, latíssimus dorsil, pectoralis, trapezius, biceps and triceps. The aquatic 
strength exercises used can be consulted in the appendix 3. Workouts were organized 
to have a progressive overload every two weeks. Water was the main instrument that 
created resistance in the exercises and only in the last weeks, progressively and 
according to the level of progression of the participants additional equipment was 
added in the upper limbs, to increase the water resistance and consequently, the 
exercise overload.  
Another aspect that was considered was the level of aquatic ability of each 
participant. Exercises such as underwater breathing and flotation were used in small 
doses to reduce fear of the water and to ensure that participants were comfortable 
moving around the pool (Table 4). This component not had a pre-defined duration, was 
worked gradually from 15 to 15 days, interleaved with other session components, 
always in transition phases between the parts of the session. During the exercises for 
aquatic adaptation skills, the music was turned off to ensure that would not 
compromise the purpose of the task. 
Concerning music used, based on literature review, a cadence of 128 beats per 
minute (BPM) was chosen for the firsts four weeks, allowing better range of motion with 
low segment acceleration. The following weeks the BPM changed to 132, requiring 
greater effort, particularly in the body stabilization and in the capacity to maintain the 












   
   
   
   
   












































































































































































































































































































































































































































   
   
   
   
   
   
   
   
   










   
   
   
   
   
   
   










   
   
   
   
   








   
   
   
   
   
   
   








   
   
   
   
   
   
   








   
   
   
   
   
   
   
   









   
   
   
   
   
   








   
   
   
   
   
   








   
   
   
   









   
   
   
   
   









   
   
   
   









   
   
   































































































































































































































































   
   
   






































































   
   
   
















































































































   
   
   
   
   
   



























































   
   



























































































































































































































Table 4: The aquatic exercise protocol design for the 12 weeks of PICO program. 
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Educational themes were also addressed during the classes. One educational 
theme per week was reinforced, such as: What did you have for breakfast? Let’s try, 
during this week, to improve the quality of our breakfast. Next class I will check what 
you ate; remember that you should assess yourself about knee pain, let’s try to learn 
how to live with it. 
Maximizing adherence is a key element dictating success of  any exercise 
intervention. Beyond the adherence enhancement that, in general, supervised sessions 
can provide, the exercise instructors used the following behavioral techniques:  
 encouraged social contact between participants;  
 promoted frequent contact during all intervention phases;  
 defined clear behavioral goals and allowed feedback on achievements;  
 helped participants self-monitor their pain and exercise intensity to complete 
activity;  
 and established personal commitment to the project through the exercise 
leader. 
4.2.2. Educational program: Control Group (CG)  
The control group was not enrolled in any exercise program but participated in the 
educational program “PESO comunitário”. This program is based on appropriate 
clinical guidelines and on validated behavior change principles[200]. Implemented by an 
intervention team with expertise gained from current scientific research in weight 
control determinants, this program  was open access to all interested adults who 
wished to manage their weight and health. It has operated since 2005 with the 
objectives of preventing obesity or reducing excess weight as well as some of the risk 
factors for adult obesity, through a change toward steady healthy habits, attitudes and 
behaviors. PESO lasted three months and comprised 12 sessions, each one with one 
hour and a half duration, on a weekly basis.  
4.3 Knee osteoarthritis: screening and diagnosis 
The Knee Osteoarthritis Pre-Screening questionnaire (KOPS) (Appendix 4) was 
validated by the authors and considered useful for this purpose (Appendix 13). KOPS 
addresses physical function, activity level, co-morbid diseases, KOA risk factors and 




demographic data that were collected included data on occupation, income, and 
educational level. The medical form was used to determine co-morbidities and to 
analyze any self-reported information on medications. The overall KOPS score has 
acceptable to good reliability with a Cronbach’s Alpha of 0.747 and satisfactory internal 
consistency with an Intraclass Coefficient (ICC) for average measures of 0.646. The 
results for a test-retest of one-week interval for each component ranged from 0.895 to 
0.992 for ICC and from 0.894 to 0.979 for Cronbach’s Alpha (Appendix 13). 
OA diagnosis and severity classification:  
To confirm OA and classify its severity, the same X-ray protocol was used for all 
subjects. Bilateral, anterior-posterior, weight-bearing knee radiographs were used to 
identify OA in the tibiofemoral joint, and sunrise views were used to identify OA in the 
patellofemoral compartment. The severity of tibiofemoral OA was measured using the 
Kellgreen and Lawrence grading scale [201].  
4.3.1.  Outcomes and instruments 
The main outcomes were KOA symptoms (pain and other symptoms), quality of life 
and physical fitness (aerobic capacity, strength and flexibility). The secondary 
outcomes were body composition, lower limb morphology and lifestyle. 
Pain was assessed by KOOS pain, BPI and NRS, others KOA symptoms by 
KOOS symptoms; physical fitness by 6MWT, FRSTST,CSR; isokinetic and isometric 
knee strength and handgrip tests; health and quality of life by ADL, Sport/rec and QOL 
KOOS’ dimensions and by BDI. Body composition was assessed by BMI and by DXA 
scanner; morphology by waist, thigh and knee circumferences; lifestyle was assessed 
by IPAQ, WALI and PGICS questionnaires. 
During the study, all participants were allowed to maintain their usual 
medications, including analgesics and NSAIDs. A detailed record of medication was 
completed at baseline and at the 3 months post-intervention testing. 
With the exception of screening tests, all tests were performed by all subjects at 
baseline and three months later, at the end of the exercise intervention, using the same 
protocols and were evaluated by the PICO team member(s). The tests and 
questionnaires were distributed over two nonconsecutive days, taking into account the 
fatigue levels of the subjects and the necessary avoidance of overload. Therefore, the 
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knee strength test and the Six Minute Walking Test were conducted on different days 
(see appendix 1).  
KOA symptoms and Health Quality of Life 
 Knee Injury and Osteoarthritis Outcome Score (KOOS). This questionnaire 
included five dimensions to measure KOA-specific health-related quality of life 
(QOL), knee pain (Pain), other disease-specific symptoms (O.Symptoms), 
activities of daily living (ADL), and sport/recreation function (Sport/Rec). A score 
in each dimension was calculated as the sum of the items included and was 
then converted to a 0-100 scale, with 0 representing extreme knee problems 
and 100 representing no knee problems. The KOOS is validated for patients 
with knee injury or with KOA and is a reliable and responsive self-administered 
instrument for short-term follow-up[202]. The Portuguese validation has 
acceptable reliability with Cronbach’s alpha coefficients between 0.77 and 0.95 
and ICC ranging from 0.82 to 0.94 for the KOOS subscales[203] (Appendix 5). 
 Brief Pain Inventory (BPI) – short version. A consensus panel, the Initiative on 
Methods, Measurement, and Pain Assessment in Clinical Trials (IMMPACT), 
recommended the inclusion of the short version of Brief Pain Inventory (BPI) in 
all trials that intend to assess chronic pain[204]. BPI is widely used, and it is a 
reliable, valid instrument that assesses pain by its history, location, intensity and 
interference with daily activities in individuals with osteoarthritis[205]. The both 
dimensions of BPI short-form were used (Pain severity and the Pain 
interference) using a 24 hours recall period. The Portuguese version of this 
assessment was validated, and recent studies have provided strong support for 
its reliability and validity[206, 207] (Appendix 6). 
 Numerical Rating Scale (NRS). The subjects learned to self-assess their knee 
intensity pain via the 0-10 point NRS[208]. The NRS was used to assess pain 
intensity before and after the aquatic exercise class and whenever it was 
necessary. 
 Beck Depression Inventory (BDI-II). This instrument, developed by Beck and 
colleagues[209], includes 21 items used to rate the severity of depression 
according to the clinical definition. It is one of the most popular and widely used 
instruments for assessing the severity of depressive symptomatology. The 




very similar to the original version [209, 211], and an adequate convergent validity 
(Appendix 7). 
Physical fitness  
 Six Minutes Walking Test (6MWT). The distance (d) and gait speed (v) of the 
6MWT are used to assess the aerobic capacity and the walking ability of the 
patient. The test was performed individually and according to the American 
Thoracic Society protocol (ATS)[212], in a controlled indoor environment that was 
46 meters in length and rectangular in shape. The 6MWT is a highly 
reproducible assessment in obese individuals (r=0.926; 95% CI 0.816-0.972, 
p<.001) [84], and it has been used in studies with KOA[88, 101, 187, 213-215]. 
 Chair Sit and Reach test (CSR). The CSR test is a safe and socially acceptable 
alternative to traditional floor sit-and-reach tests and is a reasonably accurate 
and stable measure of hamstring flexibility[107]. The subjects were allowed three 
attempts for each limb, and the best of these scores was recorded to the 
nearest centimeter.  
 The Back Scratch Test (BS). The BS is a measure of overall shoulder range of 
motion that involves measuring the distance between (or overlap of) the middle 
fingers behind the back with a ruler [216]. After a familiarization trial, this test was 
assessed twice, alternately with both hands, and the best value of each 
measurement was recorded. 
 Five-Repetition Sit-To-Stand Test (FRSTST). This test is a widely used 
measure of functional strength. The ICC values for the test demonstrate good-
to-high test-retest reliability for adults and subjects with osteoarthritis [88, 217, 218].  
 Knee Strength. A dynamometer Biodex System III (Biodex Medical Inc., Shirley, 
NY, U.S.A.) was used for the isokinetic assessment of knee strength (flexor and 
extensor muscles) and isometric knee strength, bilaterally. The less painful leg  
was tested first. Gravity correction to torque was calculated at 45 degrees 
(0=straight leg). The range of motion for testing was pre-determined from 20º to 
80º for all subjects. Extreme ranges of knee motion were excluded from testing 
as they are known to be painful and frequently non-executable by this patient 
population, e.g., full extension due to quadriceps weakness. Similar procedures, 
according to the dynamometer used, have been adopted in other surveys 
involving the same population[219-224]. 
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Prior to measurement, the subjects were seated on the dynamometer with their 
knee and hip joints at 90º. Crossover shoulder, belly and knee straps, as well 
as a lap belt were used to restrain the subjects’ movements. The lever arm pad 
was strapped around the lower leg, two centimeters above the lateral malleolus 
of the fibula. The axis of rotation of the dynamometer was aligned with knee 
joint’s axis of rotation. Joint warm-up consisted of gentle free movements of 
flexion and extension of the knee.  
Maximal Isokinetic Strength was measured on a concentric/concentric mode, at 
an angular velocity of 60º/s. Among the low velocity groups, the 60º/s velocity 
has been used in other studies and provided better stability for this 
population[225]. The subjects performed one set with minimum overload for 
habituation and two sets of three repetitions with a 120-second rest between 
sets. The subjects were oriented to perform the test by exerting maximum 
pressure on the isokinetic arm through the entire range of movement. Vigorous 
verbal encouragement was given to each subject during the test. The set with 
the highest extension peak torque and with the lowest coefficient of variation 
was chosen for analysis. 
The angle of best torque of the knee extension, obtained from each subject in 
the isokinetic test, was chosen for the isometric test. The maximal knee 
extension isometric test was applied in one set of three repetitions during five 
seconds, with a 30 second relaxation interval between repetitions. The best of 
the three force-time curves was chosen according to the highest peak. 
Mean quadriceps and hamstring muscle strength per leg was calculated (Nm) 
and divided by patient’s weight (Kg).This measure (in Nm/Kg) has an excellent 
intra-rater reliability (intraclass correlation coefficient=0.93) in patients with KOA 
[118]. Traditional hamstring-to-quadriceps (H:Q) was calculated (Isokinetic flexor 
peak torque/ Isokinetic extension peak torque), as well the bilateral strength 
deficit for flexors and extensors [(Isok. peak torque_LPK less Isok peak 
torque_MPK)*100/Isok. peak torque_LPK)]. Strength test-retest reliability for 6 
participants tested twice in our lab, 6–8 days apart, had an ICC of 0.92. 
 The Handgrip Strength Test (HST). This test evaluates maximal isometric force 
of the muscles of the hand and forearm. Although the sample of this study did 
not have hand OA, this test has been used in obese individuals as an indicator 




project is the same as the protocol that was used for Portuguese adults in the 
national observatory [228]. Prior to the test, the grip dynamometer was adjusted 
to the size of the hand of each subject. Subjects were to stand with their arms 
along the body, without contact with the trunk, and with their elbows slightly 
bent at 20º. Testing was first conducted on the dominant hand followed by the 
non-dominant hand. The force was to be performed during the expiratory phase 
and a valsalva maneuver was to be avoided. After three trials, if the difference 
between each value was within 3 kg, the test was considered complete. If a 
larger difference was observed, then the test was repeated after a sufficient rest 
time. The best repetition was chosen for further analysis. 
Body Composition and Lower Limb Morphology 
 Body composition. Body composition was assessed by DXA, BMI and waist-to-
hip ratio. A DXA scanner (QDR 4500A, fan-beam densitometer, software 
version 8.21; Hologic, Waltham, USA) was used to measure whole body, trunk 
and lower limb fat mass (FM%). DXA measures the attenuation of X-rays 
pulsed between 70 and 140 kV synchronously with the line frequency for each 
pixel of the scanned image. According to the protocol described by the 
manufacturer, a step phantom with six fields of acrylic and aluminum of varying 
thickness and known absorptive properties was scanned alongside each 
subject to serve as an external standard for the analysis of different tissue 
components. The same technician positioned the subjects, performed the scans 
and executed the analysis using the standard analysis protocol. Based on test-
retest using 10 subjects, the coefficient of variation (CV) in PICO staff for FM  
was 2.6%, and the total error of measurement (TEM) 0.02 kg. 
Body mass index was calculated as mass (measured in kilograms by a 
standard calibrated scale ) divided by height squared (measured in meters, with 
a stadiometer (Seca, Hamburg, Germany). Waist-to-hip ratio was calculated 
dividing the waist circumference by the hip circumference. Stature, body mass, 
waist, hip and thigh circumferences were collected by a certified 
anthropometrist based on procedures established by ISAK[229] and the knee 
circunference according Lohman[230]. The intra-observer technical error for 
circumferences and diameters measures in the pilot study ranged from 0.3.  




 International Physical Activity Questionnaire (IPAQ). The short form of IPAQ 
was chosen because it is easy to apply. Despite its reliability having been 
verified in many countries and with different populations[231-233], some studies 
have indicated that the IPAQ-SF typically overestimates physical activity[234]. 
However, this instrument was used for controlling the amount of physical 
activity along the study and not for any classification of physical activity level. All 
participants received an introductory explanation about how to complete the 
questionnaire, and their answers were confirmed during the interviews. Data 
were processed according to IPAQ guidelines[235] (Appendix 8). 
 The Weight and Lifestyle Inventory (WALI). The WALI is designed to obtain 
demographics information, weight and dieting histories, eating and exercise 
habits, and relationships with family and friends[74]. The Portuguese version 
(IPEV) and its translation process is published in a national book[200]. PICO 
project used only the sections G, K and Q of the Portuguese version (IPEV) for 
controlling alcohol and tobacco consumption, dietary patterns and clinical 
historic (Appendix 9). 
 Perception of change: Patient Global Impression of Change Scale (PGICS) is 
very commonly used in clinical research, particularly in the musculoskeletal 
area[236]. Dichotomous classification was used for the perception of change (5-
7=yes, had significant changes; 1-4=did not have significant changes), 
according to the original article (Appendix 10). 
4.3.2. Statistical analysis 
Descriptive statistics, including frequencies for categorical variables, means with 
standard deviations (SD) for continuous variables was used. Normal distribution of 
continuous variables were tested by Kolmogorov-Smirnov test. Correlation between 
continuous variables at baseline was analyzed using Pearson correlation coefficient (r) 
interpreted as strong (r≥0.7), moderate (0.5<r<0.7) and weak (0.3<r<0.5), and the 
coefficient of determination was used to interpret r and was obtained by squaring the 




In addition, a contralateral analysis at baseline were performed, where the 
comparisons between the most painful knee and the Least Painful Knee were done by 
paired T-tests.   
 The differences in mean change (baseline minus post-intervention) were 
compared between groups using the analysis of covariance, adjusted for baseline 
values of the outcome. Comparisons of changes between groups (CG and AEG) were 
performed as primary analysis by Univariate analyses of covariance (ANCOVA) where 
dependent variables were adjusted for baseline pain, gender, BMI, and baseline 
values. Changes in body mass index were adjusted for sex, baseline values, and for 
changes in lifestyle (IPAQ and WALLY questionnaires). Mean differences within groups 
were calculate as Mom1 (baseline) minus Mom2 (after intervention program).  Effect 
size was verified by partial eta squared. 
Complementary analyses was performed with baseline outcomes to provide a 
better understanding about the behavior of KOA symptoms, health-related quality of life 
and physical fitness in overweight and obese individuals with KOA. Firstly, outcomes 
organized by BMI groups where mean, standard deviation for KOA symptoms, quality 
of life and physical fitness was calculated and Kruskal Wallis test was used to compare 
mean differences of dependent variables (KOOS, BPI, BDI, IPAQ ,6MWD, CSR, HS, 
FRSTST, knee strength PkTQ) and non-parametric Post Hoc test using Dunn-
Bonferroni test for multiple comparisons among BMI group. In the second 
complementary analyses, stepwise linear regression analyses were performed to 
understand the potential predictors that could improve the explanation of the variability 
of the 6MWT in overweight and obese individuals with KOA. Regarding the underlying 
model assumptions, the independence of predictors and the normality and 
homoscedasticity were assessed. In a first step the candidate predictors were selected, 
i.e., the variables with higher association or correlation with 6MWT and less correlated 
between themselves. The set of candidate predictors comprised the variables sex, age, 
KOOS O.Symptoms, BPI pain severity, BDI score, FRSTST, isokinetic extension 
PKTQ, BMI, waist-to-hip ratio and lower limb fat mass. In cases of occurrence of 
bilateral KOA, measures of the most painful knee (MPK) were used for statistical 
analyses. The stepwise method was used for the variable selection purpose, 
considering the criterion Probability of F-to-enter ≤.05 and Probability of F-to-
remove>=.10. 
Considering that sometimes professionals do not have access to advanced or 
expensive resources, three predictive models were proposed. The first was the one 
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obtained from the stepwise method applied to all candidate predictors mentioned in the 
paragraph above. The second was the model reached when the stepwise method was 
employed to a subset of the candidate predictors resulting from the exclusion of 
variables related with the expensive resources (Biodex dynamometer and DXA 
scanner), i.e., excluding the fat mass and the isokinetic strength outcomes. The third 
model was the one attained when the stepwise method was performed on a subset of  
predictors easier to obtain in clinical situations (sex, questionnaires outcomes and 
waist-to-hip ratio), i.e., considering the previous a subset of predictors excluding 
FRSTST.  
Statistical analysis was performed using IBM SPSS Statistics 20.0 and MedCalc 
Statistical Software (MedCalc Software, Mariakerke, Belgium). Statistical significance 







Chapter 5: Results 
This chapter are organized by baseline results, including a sample 
characterization, by the effectiveness of aquatic exercise and by 
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5.1 Baseline results 
Initially 52 individuals were randomized into two groups, three were excluded from the 
CG (one due to health reasons and two who could not attempt the assessments in 
Mom2) and only one participant was excluded from AEG due to health reasons (Fig. 3). 
The final sample included 48 participants who completed the program and performed 
all tests. Demographic characteristics for the final sample and for each group are 
presented in table 5. 
Table 5. Frequency analyses of demographic variables at baseline for Control Group (CG), Aquatic 
Exercise group (AEG) and for total sample. 
 
 CG (n=23) AEG (n=25) Total (N=48) 
 Variables n (%) n (%) n (%) 
Sex 
Female 17 (74) 18 (72) 35 (73) 
Male 6 (26) 7 (28) 13 (27) 
Age Groups 
(years) 
40-49 5 (22) 5 (20) 10 (21) 
50-59 10 (43) 14 (56) 24 (50) 
60-65 8 (35) 6 (24) 14 (29) 
Educational Level 
Elementary School 5 (22) 1 (4) 6 (12) 
High school grade 9-12 2 (8) 5 (20) 7 (15) 
High school graduated 6 (26) 7 (28) 13 (27) 
College or more 10 (44) 12 (48) 22 (46) 
BMI Classification 
Overweight 2 (9) 5 (20) 7 (15) 
Obesity grade 1 12 (52) 10 (40) 22 (45) 
Obesity grade 2 6 (26) 6 (24) 12 (25) 
Obesity grade 3 3 (13) 4 (16) 7 (15) 
KOA 
Unilateral 5 (21) 4 (16) 9 (19) 
Bilateral 18 (78) 21 (84) 39 (81) 
Most Painful Knee Right 12 (48) 15 (65) 27 (56) 
 Left 13 (52) 8 (35) 21 (44) 
BDI  Classification 
Low (no depression) 14 (61) 19 (76) 33(69) 
Slight 4 (17) 3 (12) 7(15) 
Moderate 5 (22) 0 (0) 5(10) 
Severe 0 (0) 3 (12) 3 (6) 
 Abbreviations: BMI=Body Mass Index; BDI= Beck Depression Inventory. 
The majority of participants were within the age interval of 50-59 years. Across 
all participants, the mean age was 55±7 years, the mean weight was 90.8±13.9 kg, the 
mean height was 161±10 cm and BMI was 35.0± 4.9 kg/m2. All participants had 




knees were classified as most painful knee (MPK) or least painful knee (LPK) 
according to the pain intensity level (Table 5). 
Although the inclusion criteria included the minimum educational level needed 
to read and write, 88% of participants had more than an elementary school education 
and 46% had a college education or higher. Regarding the psychological status of 
participants, 31% of individuals reported depressive symptoms. 
Means +/- standard deviations (SD) and Confidence Interval (CI) of all 
outcomes at Mom1 are shown in Table 6. Independent t-tests revealed no significant 
differences between groups at baseline, indicating that the randomization process was 
successful.  
The KOOS dimensions with poorest scores were Sport/rec and QOL. At 
baseline, the means of the BPI results, measured over the previous 24 hours, were 
below 5 on a 0-10 scale in each dimension, where the Pain Severity dimension 
registered a mean score for the worst pain of 4.5±2.5, for the least pain of 2.6±2.3, and 
the mean pain on the testing day was 2.9±2.1. Among the seven items of Pain 
Interference dimension, the lowest scores were found for walking ability (3.9±3.0) and 
normal working (3.9±2.5). 
An evaluation of depression across all participants revealed a large range of 
BDI scores. The CI for entire sample was set between minimal and mild depression 
classification (Table 5 and 6). Only 3 participants of the total sample presented severe 
depression, and although all of them were in the CG, this was not enough to increase 
the mean scores in this group when compared with AEG. 
The absolute values of knee strength, corresponding to the relative results 
reported in table 6, were 86±34 Nm (PkTQ extMPK) and 105±41 (PkTQ extLPK) for knee 
isokinetic extension, and 48±22 Nm (PkTQ flexMPK) and 54±22 Nm (PkTQ flexLPK) for 
knee isokinetic flexion. The absolute values for isometric knee extension strength were 
131±47 Nm (MPK) and 154±58 Nm (LPK). 
The mean waist–to-hip ratio across all participants was greater than 0.90 (Table 
6), classifying the sample as abdominal obesity, according to the World Health 
Organization[100]. With respect to BMI, the total fat mass and the trunk fat mass, as well 
as the mean results and CI reinforced the obesity classification of the majority of 
participants in this study (Tables 5 and 6). 
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With respect to the initial level of physical activity, although the weekly mean of 
physical activity reported by the total sample was classified as a moderate level, none 
of the individuals were participating in any structured or supervised exercise program 
and some participants indicated not having any type of physical activity equal to or 
greater than 10 min (low level). The reported sitting time per week corresponded to a 
mean of 5.4 hours per day, and some participants reported being in a seated position 
up to 10 hours per day. 
Table 6. Descriptive analyses for outcomes of total sample at baseline.   
   CG (N=23) AEG (N=25) Total (N=48) 






Pain 50.2(20) 45.3(12) 47.7(16.5) [42.9,52.5] 
O.Symptoms 55.5(23) 46.6(17) 50.7(20.6) [44.7,56.7] 
Sport/rec 33.0(22) 26.0(15) 29.4(18.9) [23.9,34.8] 
ADL 58.2(24) 49.9(16) 53.9(20.5) [47.9,59.8] 
QOL 38.6(19) 33.8(19.3) 36.1(19.0) [30.6,41.6] 
B
P
I Severity 3.7(1.9) 3.4(2.0) 3.6(1.9) [3.0,4.1] 



















6MWT (m) 552 (78) 546 (86) 549(81) [525,573] 
FRSTST(s) 10.8 (3.0) 11.2 (2.0) 11.0(2.7) [10.2,11.7] 
Handgrip test (Kg) 29.7 (9.0) 29.5 (10.0) 29.6(9.8) [26.7,32.4] 
CSRMPK (cm) -5.1 (11.0) -7.4 (11.0) -6.3(10.7) [-9.4,-3.2] 













Isom PkTQMPK (Nm/Kg) 1.34 (0.5) 1.50(0.4) 1.44(0.5) [1.30,1.58] 
Isom PkTQLPK (Nm/Kg) 1.64 (0.6) 1.70(0.5) 1.68(0.5) [1.53,1.83] 
Isok PkTQ extMPK (Nm/Kg) 0.90(0.4) 0.98 (0.3)) 0.94(0.3) [0.84,1.04] 
Isok PkTQ extLPK (Nm/Kg) 1.15 (0.4) 1.16(0.4) 1.15(0.4) [1.04,1.26] 
Isok PkTQ flexMPK (Nm/Kg) 0.49 (0.3) 0.55(0.2) 0.52(0.2) [0.46,0.59] 
Isok PkTQ flexLPK (NmKg) 0.58 (0.3) 0.61(0.2) 0.60(0.2) [0.53,0.66] 
Isok H:Q ratio MPK (%) 0.54(0.2) 0.59 (0.2) 0.57(0.2) [0.51,0.62] 
Isok H:Q ratio LPK (%) 0.49(0.1) 0.54(0.1) 0.52(0.2) [0.48,0.56] 
BL Deficit Isom ext (%) 17.2(17) 9.2(20) 13.1(18) [7.3,18.8] 
BL Deficit Isok ext (%) 19.0(26) 13.4(21) 16.1(24) [9.3,23.0] 















 Weight (Kg) 92.7(16.4) 89.1(11.0) 90.8(13.9) [86.8,94.9] 
BMI (Kg/m2) 35.2(5.3) 34.8(4.8) 35(5.0) [33.6,36.4] 
Waist-to-Hip Ratio 0.91(0.1) 0.88(0.1) 0.9(0.1) [0.87,0.92] 
Total Fat Mass (%) 40.0(8.0) 39.4(7.8) 34.3(10) [37.4,42.1] 





Physical activity (MET/week) 959(808) 796(610) 871(714) [664,1078] 
Sitting time (min/week) 2080(766) 2350(889) 2258(808) [2023,2492] 
Abbreviations: KOOS= Knee injury and Osteoarthritis Outcome Score BPI= Brief Pain Inventory; BDI= Beck 
Depression Inventory; Test; 6MWT=Six Minutes Walking Test; FRSTST= Five Repetitions Sit to Stand Test; CSR= 
Chair Sit and Reach; BST=Back Scratch Test; MPK= Most Painful Knee; LPK=Least Painful Knee; Isom= Isometric; 
PkTQ= Peak Torque; Ext= Extension; Flex= Flexion; H:Q= Hamstrings:Quadriceps; BL= Bilateral Deficit; BMI= 




5.1.1. Correlations between KOA symptoms, quality of life and physical 
fitness outcomes 
This subsection provides important information about how the physical fitness 
outcomes are associated with KOA symptoms and health-related quality of life. The 
Pearson correlation coefficients between self-reported questionnaires (KOOS; BDI and 
BPI) and physical tests at Mom1 are shown table 7. (With respect to KOOS 
dimensions, is important to note that the score nearest to zero represents the worst 
condition). 
Among the physical tests, the FRSTST, the CSRT and the BST did not show 
any correlation with KOOS, BDI and BPI (Table 7). On the other hand, the 6MWT had 
a significant, positive correlation with all self-reported outcomes, with exception of the 
KOOS Sports/rec dimension. Additionally, the HST was significantly correlated with all 
questionnaires with the exception of the KOOS Pain and KOOS Sport/rec. Regarding 
pain, both 6MWT and HST, had a strong negative correlation with BPI severity and a 
moderate and weak, respectively, positive correlation with KOOS Pain. Additionally, the 
6MWT and HST showed a strong negative correlation with mental health assessed by 
BDI.  
Pearson coefficients for knee strength tests (Table 7) showed that all three knee 
strength tests were not correlated with KOOS Pain, KOOS Sport/rec or KOOS QOL. 
However, there was a moderate, positive correlation with KOOS O.Symptoms and a 
weak, positive correlation with KOOS ADL for both extension strength tests and a 
strong, positive correlation for isokinetic knee flexion test. Additionally, the mental 
health evaluation showed a negative correlation with the isometric and isokinetic tests, 
having a moderate relationship with the isometric PkTQext and the isokinetic PkTQflex 
and a weak relationship with the isokinetic PkTQext. 
Regarding body composition, moderate to strong correlations were found for fat 
mass with both BPI dimensions, BDI and KOOS ADL; only the KOOS Sport/rec 
dimension showed no correlation with fat mass. The lower limb fat mass was 
significantly correlated with all self-reported outcomes, with the exception of the KOOS 
Sport/rec, as mentioned above. BMI showed only a weak, positive correlation with BDI 
and a moderate, positive correlation with BPI severity.  
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 Table 7. Correlation analysis between physical fitness and KOA symptoms and quality of life outcomes. 
Outcomes KOOS   BDI BPI 
N=48 Pain   O.Symptoms ADL Sport/rec QOL     Sev Int 
6MWT .352 * .528 *** .452 ** .175 .358 * -.435 ** -.625 *** -.524 *** 
HST .261 
 
    .340 * .478 ** .187  .315 * .471 ** -.451 ** -.454 ** 
FRSTST -.111     -.113    -.102  .103   -.153     .223  .128 
 
  .085  
CSRTMPK -.146  
   .013 
 








  .271 
 
BST -.058      .194    -.105  -.229 .014   -0.58  -.238 
 
 -.033  
Isom PkTQMPK .133  
 .305 *  .275 * .154 .244 
 




Isok PkTQ extMPK .126      .336 *   .292 * .222 .204  -.287 * -.258 
 
 -.205  
Isok PkTQ flexMPK .092  
    .313 *    .442 ** .087 .088 
 
-.310 * -.479 ** -.399 ** 
BMI -.191    -.250    -.115  -.028 -.216  .294 * .359 *   .279  
Waist/Hip Ratio .292 *    .188 
 
   .167 
 
.104   .322 * -.298 * -.205 
 
 -.279 * 
Total FM -.234    -.327 * -.400 ** -.116 -.282  .496 *** .385 **   .462 ** 
Trunk FM -.171 
 
   -.270 
 
-.377 ** -.070 -.187 
 
.422 ** .355 *   .418 ** 
Lower limb FMMPK -.326 * -.410 ** -.413 ** -.160 -.320 ** .448 ** .405 **  .460 *** 
Abbreviations: 6MWT=Six Minutes Walking Test; HST=Handgrip Strength Test FRSTST= Five Repetitions Sit to 
Stand Test; CSR= Chair Sit and Reach; BST= Back Scratch Test; MPK= Most Painful Knee; LPK= Least painful 
Knee; BMI= Body Mass Index; FM= Fat Mass; KOOS= Knee Injury and Osteoarthritis Outcomes Scoress;BDI= 
Beck Depression Inventory; BPI=Brief Pain Inventory; Sev=Severity, Int=Interference.  
*p<.05, **p<.01, ***p <.001. 
Additional correlative analyses were conducted across physical tests and self-
reported outcomes. The highest correlations were found between 6MWT and HST 
(r=.770; p<.001), HST and FRSTST (r=-.343; p<.05), and FRSTST and 6MWT (r=-
.387; p<.01). In addition, BDI scores were significantly correlated with BPI interference 
scores (r=.423; p<.01) and with the knee related quality of life of KOOS (r=-.292; 
p<.05), while all KOOS dimensions (where 100 represents the healthy status) were 
negative and significantly associated with both BPI dimensions (p <.01). 
 
5.1.2. Lower limb contralateral analysis: comparison between the most 
and least painful knee  
Comparisons of knee strength, lower limb morphology and body composition were 
done between the MPK and LPK and are expressed in the table 8 .The dominant lower 
limb for all sample was the left leg, being that 44% of participants reported the left knee 




Table 8. Contralateral analyses of most painful and Least Painful Knee at baseline T-tests for limb 
comparisons. 
Abbreviations: Isom= Isometric; Isok= Isokinetic PkTQ= Peak Torque; Ext= Extension; Flex= Flexion.; 
H:Q=Hamstrings:Quadriceps. 
*p<0.05, **p<0.01, ***p <0.001. 
Regarding strength bilateral deficit (BLD) (table 8),the significant lower PkTQ 
values found for MPK represents a BLD of -16±23% in the isokinetic extension, -9.7± 
24% in the isokinetic flexion and -13.1±19% in the isometric extension. 
Differently, the ratio H:Q was 7% higher in the MPK, but no differences were 
found between limbs. Total work in isokinetic extension and flexion were higher in the 
LPK, with contralateral differences around 20 and 14% respectively. 
With respect to the body composition and morphology, values for the MPK were 
significantly lower; 16% in the thigh circumference and 20% in the knee circumference, 
while no significant difference was found for lower limb FM.  
5.2 Effectiveness of Aquatic exercise  
The results and discussion about the effects of aquatic exercise in this study were 
organized and compared by groups (Table 9, Table 10, Fig. 4 and Fig. 5), according to 
previous randomization: Control Group (CG) and the Aquatic Exercise Group (AEG). 
Data from questionnaires and physical fitness were presented by outcome type: KOA 
symptoms and quality of life (KOOS; BPI and BDI) and physical fitness (physical 
  

















Isok PkTQ ext (Nm) 48 85.8 34.0 105.3 41.5 19.5 24.4 <.001*** 
Isok PkTQ flex (Nm) 48 47.6 22.1 54.3 22.5 7.1 12.2 <.001*** 
Isom PKTQ ext (Nm) 48 130.6 46.6 153.8 57.9 23.2 32.9 <.001*** 
Ratio H:Q 48 56.1 20.0 51.1 13.4 -55.0 18.6     .065 
Total work Isok ext (J) 48 208.7 86.2 259.6 110.2 50.8 62.4       .001** 




























 Thigh circumference (cm) 35  51.8 22.6 61.3 6.8 9.6 22.1      .015* 
Knee circumference (cm) 37 37.2 18.8 46.1 5.1 9.1 18.2       .007** 
Lower limb FM (%) 47 40.1 10.1 40.2 10.3 0.1 2.5    .558 
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function, knee strength and body composition). Results for lifestyle (IPAQ and WALLY) 
were presented at the end of the physical fitness item. 
The participant adherence in both groups was high with only one participant 
excluded from AEG, due to health problems, and three from CG, as shown in fig 2. The 
strategies incorporated into the AE program, including the motivational component and 
the extra classes offered every 15 days to ensure that all participants fulfilled the 24 
sessions, were very effective. 
5.2.1 KOA symptoms and quality of life 
The mean changes between groups in all dimensions of KOOS were significant 
different (Fig. 4). Pain-dose response to exercise was analyzed after the three months 
of intervention, by the interpretation of KOOS pain dimension, related to the past week 
and by BPI related to last 24 hours. KOOS pain changed in the CG from 50.2±20 to 
53.7±19 and from 45.3±12 to 69.6±19 in the AE group. 
 
*p<0.05, **p<0.01, ***p <0.001. 
Fig 4. Group effect analysis, mean differences with standard deviation error bars of dimensions of Knee 
injury and Osteoarthritis Outcome Score (KOOS) for the Aquatic Exercise Group and Control Group. 
KOOS O.Symptoms changed in the CG from 55.2±23 to 55.9 ±20 and from 
46.6±18 to 66.7±19 in the AEG; KOOS ADL had a slightly decrease from 58.2±24 to 
57.9 ±22 in CG while the AEG showed an increase from 49.9±16 to 73.3±19; KOOS 
Sport/rec changed in the CG from 33.0±22 to 36.5±27 and from 26.0±15 to 52.2±25 in 
the AEG; KOOS QOL changed in the CG from 38.6±19 to 39.9 ±21 and from 33.8±19 





















** *** *** * *** 




All KOOS dimensions did not reveal significant effect from the covariates BMI 
and sex. except for the baseline values of Pain, O.Symptoms and ADL dimensions 
which revealed meaningful group effect (p<.01) (Fig. 4). 
Table 9 presents ANCOVA analysis for each item of the O.Symptoms and Pain 
dimensions of KOOS. No group effect was observed in the questions S5-S7 and in the 
pain frequency (P1) and pain on bending (P4). Significant group effect were found on 
four items of symptoms, swelling (S1), knee noise (S2), knee hang up (S3) and 
straighten (S4). Regarding pain items, higher group effect was found for pain on 
walking (P5) and on up and downstairs activity (P6).  
Table 9. Group effect analysis for questions scores of Symptoms (S1-S7) and Pain (P1-P9) dimensions of 
KOOS questionnaire (0-4 where 4 is the worst condition). ANCOVA adjusted for sex BMI value no 
baseline. 
 
Control Group Aquatic Exercise Group ANCOVA 
 
Mom1 Mom2  Changes Mom1 Mom2  Changes     Group effect 
 
Mean(SD) Mean(SD) Mean(SD) Mean(SD) Mean(SD) Mean(SD) F p-value 
S1:Sweelling 1.6(1.4) 1.7(1.2) -0.1(0.8) 2.0(1.4) 1.3(1.1) 0.7(1.3) 4.75  .035* 
S2:Noise 2.0(1.1) 2.0(1.1) 0.0(0.5) 2.7(1.1) 1.9(1.0) 0.8(0.9) 7.01  .011* 
S3:Knee Hang up 2.1(1.2) 1.9(0.9) 0.3(1.0) 2.3(0.8) 1.4(0.9) 0.9(0.9) 7.49   .009** 
S4:Straighten 0.9(1.0) 1.2(1.1) -0.3(1.2) 1.4(1.2) 0.8(1.2) 0.6(1.0) 6.23   .016** 
S5:Bend 1.5(1.3) 1.6(13) -0.1(1.0) 1.8(1.3) 1.4(1.6) 0.4(1.4) 2.16    .149 
S6:Morning Stiffness 2.0(1.1) 1.7(1.1) 0.3(1.2) 2.3(1.0) 1.3(0.9) 1.0(1.2) 3.52    .068 
S7:Position Stiffness 2.2(1.2) 2.0(1.2) 0.2(0.9) 2.4(0.8) 1.6(1.1) 0.8(1.1) 3.37    .073 
P1:Frequency 2.9(0.9) 2.7(0.9) 0.2(0.9) 3.0(0.7) 2.3(1.0) 0.7(1.3) 2.87    .097 
P2:Twisting 1.9(0.9) 1.9(1.0) 0.0(1.1) 2.4(0.6) 1.4(1.0) 1.0(1.0) 6.41  .015** 
P3:Straighten. 1.6(0.9) 1.7(1.0) -0.1(1.4) 1.9(0.9) 1.0(1.1) 0.9(1.1) 6.88   .012** 
P4:Bending 2.0(1.3) 1.8(1.2) 0.2(0.8) 2.3(0.8) 1.5(1.2) 0.8(1.4) 1.97    .168 
P5:Walking 1.1(0.8) 1.5(0.9) -0.4(1.0) 1.6(0.8) 0.6(0.8) 1.0(0.9) 19.07  <.001*** 
P6:Up/Down 2.3(1.3) 2.2(1.2) 0.1(0.9) 2.8(0.6) 1.5(1.1) 1.3(1.1) 12.49   .001** 
P7:At night 1.4(1.0) 1.5(1.1) -0.1(1.1) 1.8(0.9) 0.8(0.9) 1.0(1.2) 9.72   .003** 
P8:Sitting 1.3(0.9) 1.3(1.0) 0.0(0.9) 1.6(0.8) 0.8(0.9) 0.8(1.0) 7.06 .011* 
P9:Standing up 1.8(1.0) 1.6(1.1) 0.2(0.7) 2.2(0.8) 1.2(1.2) 1.0(1.2) 5.54 .023* 
 *p<0.05, **p<0.01, ***p <0.001    negative=worsening; positive=improvement. 
Some items of CG registered worsening condition, while the AEG had 
improvements in all items: S1(CG=-6%; AEG=35%); S2(CG=0%; AEG=30%); 
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S3(CG=14%; AEG=39%); S4(CG=-33%; AEG=43%); S5 (CG=-7%; AEG=22%); 
S6(CG=15%; AEG=43%); S7(CG=9%; AEG=39%); P1(CG=7%; AEG=23%) ; 
P2(CG=0%; AEG=42%); P3 (CG=-6%; AEG=47%); P4(CG=10%; AEG=35%); 
P5(CG=-36%; AEG=63%); P6(CG=4%; AEG=46%); P7(CG=-7%; AEG=56%); 
P8(CG=0%; AEG=50%) and P9(CG=11%; AEG=45%).  
Changes in depressive symptoms and pain in the past 24 hours are 
represented in fig. 5. The BDI scores improved 46% in the AEG (11.5±11 to 6.2±7) and 
10% in CG (12.4±8 to 11.1±8), with significant group effect [F (1, 42) = 7.35, p= .010]. 
No covariate effect was observed. In relation with self-reported pain, both dimensions 
of BPI had improvement in comparison to the baseline (p<.001), with a significant 
group effect for Pain Severity (p<.001) and for Pain Interference (p=.010); in the Pain 
Severity, the CG had a mean change of 32% (from 3.7±2 to 2.5±2) and the AEG had a 
mean change of 65% (from 3.4±2 to 1.2±1) while in the Pain Interference the CG had a 
mean change of 39% (from 3.6±2 to 2.2±2) and the AEG had a mean change of 66% 












*p<0.05, **p<0.01, ***p <0.001.  
 
Fig 5. Group effect analysis, mean differences with standard deviation error bars of the of the Beck 
Depression Inventory (BDI) and both dimensions of Brief Pain Inventory (BPI): BPI severity and BPI 
interference for the Aquatic Exercise Group and Control Group. 
With respect to the administration of medication for pain control 72% of AEG 
and 47.8% of CG reported to have taking analgesics or anti-inflammatories in the 
baseline and, after interventions, the frequency of medicine administration was 52.0% 















5.2.2 Physical fitness 
Physical fitness was assessed by physical function tests and knee strength 
tests. Means of physical function tests for baseline and after intervention, mean 
differences within groups, and results of ANCOVA to compare the physical function 
variables between groups are shown in table 10. 
Higher group effect was found in the 6MWT and in the FRSTST, being that the 
effects of covariates were different in each one; despite baseline effect, BMI was the 
only covariate with significant effect in the 6MWT [F (1, 42) = 4.093, p=.049] and the 
the only covariate with significant effect in the FRSTST was pain severity obtained by 
BPI [F (1, 42) = 4.581, p= .038]. Results of the others three physical function tests 
didn’t have covariates effect.  
Table 10 indicates that, excepting for the 6MWT, the CG had some improvements in all 
others physical function tests, but AEG had better relative results (%): 
FRSTST(CG=9%; AEG=27%); Handgrip(CG=3%; AEG=14%); CSRMPK(CG=86%; 
AEG=104%); CSRLPK (CG=89%; AEG=101%) and BST right (CG=14%; AEG=39%).  
Table 10. Group effect analysis of the physical function tests, controlling for baseline BPI severity pain, 
gender, BMI, and baseline values for physical fitness tests (Mom1= Baseline and Mom2=After 
interventions). 
Abbreviations: BMI= Body Mass Index; Test; 6MWT=Six Minutes Walking Test; FRSTST= Five Repetitions Sit to 
Stand Test; CSR= Chair Sit and Reach; LPK= Least Painful Knee; MPK= Most Painful Knee; BST= Back Scratch 
Test;  
*p<0.05, **p<0.01, ***p <0.001 
 
Control Group (N=23) Aquatic Exercise Group (N=25) ANCOVA 
 
Mom1 Mom2 Changes Mom1 Mom2 Mean Dif Group Effect 
 Mean (SD) Mean(SD) Mean dif(SD) Mean (SD) Mean (SD) Mean dif (SD)   F p -value 
6MWT (m) 552 (78) 534 (84) ↓ 18 (42) 546 (86) 601 (92) ↑ 55 (38) 39.4 <.001*** 
FRSTST (s) 10.8 (3) 9.8 (3) ↓ 1 (2) 11.2 (2) 8.1 (2) ↓ 3.0 (1) 14.8 <.001*** 
Handgrip (Kg) 29.7 (9) 30.7 (8) ↑ 1.0 (3) 29.5 (10) 33.6(10) ↑   4.1 (3) 10.1     .003** 
CSR MPK (cm) -5.1 (11) -0.8 (8) ↑ 4.4 (6) -7.4 (11) 0.3 (9) ↑   7.7 (7) 2.4 .032* 
CSR LPK (cm) -4.4 (11) -0.5 (8) ↑ 3.9 (5)  -8.0 (11) 0.04 (9) ↑   8.1 (8) 2.5    .124 
BST right (cm) -8.4 (9) -7.3 (8) 
↑
  
1.2(3) -10.2 (9) -6.1(8) ↑   4.0(3) 10.8    .002** 
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Regarding knee strength results showed in the table 11, significant group effect 
were found only for Isokinetic peak torque at flexion, for both knees (p<.05). Excepting 
for the isometric peak torque of MPK, the comparison of the magnitude of changes 
between groups indicated higher improvements in the AEG in all tests, but not enough 
to be statically significant ∆ IsokPkTQextMPK (CG=9%;AEG=14%); ∆ IsokPkTQextLPK 
(CG=3%;AEG=9%); ∆ IsokPkTQflexMPK (CG=20%;AEG=31%);∆ IsokPkTQflexLPK 
(CG=16%;AEG=26%); ∆ IsomPkTQMPK (CG=22%;AEG=14%) and ∆ IsomPkTQLPK 
(CG=9%;AEG=18%). Effect size for knee strength tests ranged from small to medium. 
No group effect were observed for bilateral deficits neither for H:Q ratio for both limbs. 
Table 11. Group effect analysis of Isokinetic and Isometric normalized strength tests, controlling for 
baseline BPI severity pain, gender and baseline values for strength tests. 
Abbreviations: MPK= Most Painful Knee; LPK=Least Painful Knee; Isom= Isometric; PkTQ= Peak Torque; Ext= 
Extension; Flex= Flexion; H:Q= Hamstrings:Quadriceps; BL= Bilateral Deficit. 
*p<0.05, **p<0.01, ***p <0.001 
Although weight loss was not a main outcome of this study, the AEG presented 
at the end of program a body mass reduction of 2% (from 89.1±11 to 87.3±11 Kg) while 
CG didn’t have alteration (from 92.7±16.5 to 92.8 ±16.8 Kg). In the same way, the 
comparison of BMI changes between groups, controlled for sex, baseline value and 
lifestyle changes (IPAQ and WALLY) were significant [F (1, 41)=8.343, p=.006], where 
no group effect from the covariates was observed. The amount of physical activity and 
sitting time per week were assessed by IPAQ. A significant group effect was revealed 
 Control Group (N=23) Aquatic Exercise Group (N=25) ANCOVA 
 Mom1 Mom2 Changes Mom1 Mom2 Changes Group ffect 
 Mean (SD) Mean(SD) Mean dif(SD) Mean(SD) Mean (SD) Mean dif (SD) F p -value 
IsokPkTQ extMPK(N-M/Kg) 0.90(.4) 0.98 (.3) -0.08(.2) 0.98 (.3) 1.12(.4) -0.14(.2) 1.08 .305 
IsokPkTQ extLPK (N-M/Kg) 1.15 (.4) 1.19 (.4) -0.04(.3) 1.16(.4) 1.27 (.4) -0.11(.2) 1.94  .171 
IsokPkTQ flexMPK (N-M/Kg) 0.49 (.3) 0.59 (.2) -0.10(.1) 0.55(.2) 0.72(.2) -0.17(.1) 5.96 .019* 
IsokPkTQ flexLPK (N-M/Kg 0.58 (.3) 0.67 (.3) -0.09(.2) 0.61(.2) 0.77(.2) -0.16(.1) 3.76  .049* 
IsomPkTQ MPK  (N-M/Kg) 1.34 (.5) 1.64 (.6) -0.30(.3) 1.50(.4) 1.71(.6) -0.21(.4)   0.85 .363 
IsomPkTQ LPK (N-M/Kg) 1.64 (.6) 1.79 (.6) -0.15(.4) 1.70(.5) 2.02(.6) -0.31(.4) 2.91 .085 
Isok H:Q ratio MPK (%) 0.54(.2) 0.60 (.2) -0.06(.2) 0.59 (.2) 0.68(.2) -0.08(.2)   1.10 .300 
Isok H:Q ratio LPK (%) 0.49(.1) 0.56 (.1) -0.07(.1) 0.54(.1) 0.62(.2) -0.08(.1) 0.40 .530 
BL Deficit Isok ext (%) 19.0(26) 16.0(22) 3.0(21) 13.4(21) 12.2(20) 1.2(18) 0.00 .981 




in total MET/week (p=.046) being increased from 968.9±800 to 1025.2±896 in the CG 
and increased from 780.2±626 to 1443.5±1345 in the AEG. In respect to the sitting 
time per week, no group effect were observed [F (1, 42) = 5.310, p=.214] although 
some changes was observed (from 2156.5±716 to 2128.7±843 min in the CG and from 
2350.4±889 to 1940.4±1089 min in the AEG). The magnitude of improvements in 
eating patterns was slightly higher in the CG, but no significant group effect was 
detected [F (1, 42) = 5.310, p=.214]. 
The Patient Global Impression of Changes assessed in the Mom2 revealed that 
20 participants (80%) in the AEG expressed to have changed significantly (scores 5-7) 
and in the CG, only one participant (4.3%) reported to have changed and the others 22 
didn’t expressed significant changes (scores 1-4). 
Group effect size (ES) in the analysis of covariance was evaluated using Partial 
Eta Squared p as seen in table 12. The effect size was classified as small 
(𝜂p2<0.06), medium (0.06<= 𝜂p2<0.14) and large (𝜂p2>=0.14)[238].  
Table 12. Group effect size from univariate analysis of variance adjusted for sex, BMI, pain and baseline 
values. 
OUTCOMES Effect Sizep  
6MWT .484 large 
FRSTT .261 large 
CSRT MPK .053 small 
CSRT LPK .055 small 
BST (right) .205 large 
Handgrip .194 large 
Isom PkTQMPK .021 small 
Isom PkTQLPK .063 medium 
Isok PkTQ extMPK .024 small 
Isok PkTQ extLPK .043 small 
Isok PkTQ flexMPK .122 medium 
Isok PkTQ flexLPK .100 Medium 
KOOS pain .251 large 
KOOS symptom .287 large 
KOOS ADL .248 large 
KOOS QOL .101 medium 
KOOS sport/rec .218 large 
BPI severity .265 large 
BPI interference .147 large 
BDI .149 large 
Abbreviations: 6MWT=Six Minutes Walking Test; HST=Handgrip Strength Test FRSTST= Five Repetitions Sit to 
Stand Test; CSR= Chair Sit and Reach; BST= Back Scratch Test; MPK= Most Painful Knee; LPK= Least Painful 
Knee;; BPI=Brief Pain Inventory; Sev=Severity, Int=Interference; BDI= Beck Depression Inventory.  
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Results showed that there was a large group ES for all physical function tests, except 
the CSRT which had a small ES. Strength tests had small ES, with exception for 
isokinetic knee extension of LPK and both Knee flexion tests which had a medium ES. 
A large group ES was found in four KOOS dimensions (Pain, O.symptoms, ADL and 
Sport/rec), in both BPI dimension and in BDI. The KOOS QOL has a medium group 
effect size. 
5.3 Complementary analyses   
Complementary analyses present the baseline results from another point of view. We  
intended to provide a better understanding about the behavior of the main outcomes 
related to body mass index groups according to ACSM classification[100] and also, to 
identify potential predictors of walking capacity in overweight and obese adults with 
KOA through a linear regression analysis of the 6MWT. 
Although all participants were overweight or obese, the BMI range in our 
sample encompassed the overweight and three obesity grades (Overweight: 25-29.5; 
Obesity grade I= 30 - 34.99 Kg/m2; Obesity grade II= 35 – 39.99 Kg/m2 and  Obesity 
grade III= ≥40 Kg/m2). In this way, a complementary analyses was performed to 
provide some references value related to KOA symptoms, functional fitness and quality 
of life, according BMI group (overweigh, obesity grades I, II and III) (Tables 13, 14 and 
15) and differences were tested by the non-parametric test, Krushal-Wallis and multiple 
comparisons between groups was performed  with non-parametric post hoc analysis 
using Dunn-Bonferroni test. 
Means and standard deviations for KOOS dimensions by BMI classification are 
reported in the table 13. Only O.Symptoms dimension differed significantly across the 
groups, (χ𝐾𝑊
2  (3)= 8.08, p=.044) showing the grade III group a significant poorest 
condition than grade II (p=.011) and overweight group (p=.021). The others KOOS 
dimensions showed the same tendency for obesity grade III, however, the differences 







Table 13. Means and standard deviations for the five dimensions of KOOS questionnaire according to BMI 
classification (KOOS score range is 0-100 where nearest to zero is the worst condition). 
Abbreviations: KOOS= Knee injury and Osteoarthritis Outcome Score; Symptoms= Other Symptoms; QOL = 
Quality of Life, ADL =Activities of Daily Living and Sport/rec = Sports and Recreation function; BMI= Body Mass 
Index. 
*significant differences from Overweight and Grade II levels (p<.05). 
 
Table 14 shows means and standard deviation of BMI groups for BPI, BDI and 
IPAQ. The comparisons among this groups by Kruskal Wallis analysis indicated 
significant differences in the BPI severity (χ𝐾𝑊2
 (3) = 8.99, p=.029) and in the IPAQ 
(MET/week), (χ𝐾𝑊2 (3) = 4.62, p=.007). No significant differences were found for BPI 
interference (χ𝐾𝑊2 (3) = 2.60, p=.457), although grade III reported higher scores than 
other group. BPI severity had significant differences between groups grades I and III 
(p=.010) and between grades II and III (p=.004). Results for depression, although not 
being significant (χ𝐾𝑊2 (3) = 7.19, p=.066) showed higher scores for participants with 
obesity grade II and III (BDI= 15.9±13.6 and 14.9±5.6 respectively) and lower scores 
for the overweight group (BDI= 5.6±5.8).  
Regarding physical activity per week, only the overweight group was 
significantly different when compared with all grades of obesity, specifically with grade I 
(p=.009), with grade II (p=.001) and with grade III (p=.003) groups. On the opposite, in 
sitting time no significant differences among groups were found (χ𝐾𝑊2 (3) = 1.73,  p=.631), 
but grade III reported highest sitting time per week.  
For physical fitness (Table 15), significant differences among BMI groups were 
observed for 6MWT [χ𝐾𝑊
2 =(3)=9.19, p=.027] and for the both strength tests: Isokinetic 
knee extension [ χ𝐾𝑊
2 =(3)=9.54, p=.023] and for isometric knee extension 
[χ𝐾𝑊
2 =(3)=12.77, p=.005]. Results for the others physical fitness tests were worst for 
grade III but not statically significant. Post hoc multiple comparisons between groups 
showed significant differences for the 6MWT between grade III and all the others 
groups (overweight group, p=.006; grade I, p=.010; grade II, p=.013). The same trend 
    KOOS 
 N=48 
 
PAIN O.SYMPTOMS QOL ADL SPORT/REC 
BMI Classification N Mean SD Mean SD Mean SD Mean SD Mean SD 
Overweight 7 51.6 13.8 60.3 17.1 38.4 18.9 53.4 15.2 32.9 17.5 
Obesity     grade I 22 47.1 18.0 48.0 21.5 39.8 17.5 56.9 21.1 28.6 20.4 
           grade II 12 53.3 16.8 59.5 19.0 33.8 22.6 53.4 23.5 30.8 18.8 
             grade III 7 36.0 7.7 34.7 * 13.8  26.0 17.0 45.6 19.1 25.7 18.6 
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was  observed in the isokinetic knee extension, where significant differences between 
overweight and all the others were (grade I, (p=.010; grade II, p=.024; grade III, 
p=.003). 
Table 14. Means and standard deviations for Brief Pain Inventory (Severity and Interference), Beck 
Depression Inventory (BDI) and International Physical Activity Questionnaire (IPAQ), according to BMI 
classification. 
Abbreviations: BPI= Brief Pain Inventory; BDI= Beck Depression Inventory; IPAQ= International Physical Activity 
Questionnaire  
*significant difference from Grade I and II (p<.05);  significant difference from Grade I ,II and III (p<.05) 













Isok PkTQ ext 
(Nm/Kg) 
BMI Classification 
N Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 
Overweight 7 586 68 -5.1 10 34.1 10.5 9.8 2.1 2.0 0.3 1.3 0.3 
Obesity grade I 22 557 93 -4.1 11 29.9 11.5 10.8 2.7 1.4 0.4 0.9 0.3 
         grade II 12 557 64 -8.2 11 28.5   8.4 11.2 2.5 1.3 0.5 0.9 0.3 
        grade III 7 476 39 -11.5 6 25.7  1.9 12.1 3.2 1.2 0.4 0.8 0.1 
Abbreviations: 6MWT=Six Minutes Walking Test; CSR= Chair Sit and Reach; FRSTST= Five Repetitions Sit to 
Stand Test; Isom= Isometric; Isok=Isokinetic; PkTQ= Peak Torque; Ext= Extension. 
 Significant difference from others groups (p<.05). 
5.3.3. Predictive factors of 6MWT in overweight and obese adults with 
KOA 
Prior to performing linear regression analyses to identify predictive factors of 6MWT, 
correlation analyses were conducted to gain a better understanding of how KOA 
symptoms and quality of life (measured by KOOS; BPI, BDI) and physical fitness 
outcomes (strength, flexibility and body composition) are associated with the distance 
    BPI BDI IPAQ 
  
Sev Interf   (MET/week) Sit (Min/week) 
BMI Classification N Mean SD Mean SD Mean SD Mean SD Mean SD 
Overweight 7 3.9 2.0 2.7 2.8 5.6 5.8 1639 1244 2053 793 
Obesity grade I 22 3.3 1.9 3.1 2.4 10.8 7.3 876 479 2227 827 
              grade II 12 2.8 1.5 3.1 2.0 15.9 13.6 590 550 2253 885 




walked during a 6MWT. Pearson product-moment correlation coefficients are shown in 
table 16.  
Among KOOS dimensions, only the Sport/Rec showed no significant correlation 
with 6MWT. Other Symptoms and ADL showed a strong correlation with the 6MWT. 
Furthermore, BPI pain scores had a stronger correlation with 6MWT than the KOOS 
Pain dimension. 
Table 16. Pearson product-moment correlations and 2-tailed p-value between Six Minutes Walking Test 
(6MWT) and Knee injury and Osteoarthritis Outcome Score (KOOS), Brief Pain Inventory (BPI), Beck 
Depression Inventory (BDI), physical function, knee strength, International Physical Activity Questionnaire 
(IPAQ) and Body Composition  
  6MWT 
 Variables R Pearson p-value 
KOOS 
Pain .352      .014* 
Symptoms .528 <.001*** 
ADL .452       .001** 
Sport/Rec .175     .233 
QOL .358     .013* 
BPI 
Pain Severity  -.625 <.001*** 
Pain Interference  -.524 <.001*** 
BDI Depression -.435       .002** 
Physical 
Function 
Handgrip test .770 <.001*** 
FRSTST -.387      .007** 
CSRTMPK .018   .902 
Strength tests 
Isometric  PeakTorque MPK .505 <.001*** 
Isometric  PeakTorque LPK .574 <.001*** 
Isokinetic  PeakTorque extension MPK .513 <.001*** 
Isokinetic  PeakTorque extension LPK .542 <.001*** 
Isokinetic  PeakTorque flexion MPK .655 <.001*** 





BMI -.408     .004** 
Waist-to-Hip ratio .399     .005** 
Total Fat Mass -.526 <.001*** 
Trunk Fat Mass -.643 <.001*** 
Lower limb Fat Mass MPK -.760 <.001*** 
Lower limb Fat Mass LPK -.769 <.001*** 
IPAQ 
Physical activity .179   .223 
Sitting time -.039   .795 
Abbreviations: MPK=Most painful knee ;LPK=Least Painful Knee  
*p<0.05, **p<0.01, ***p <0.001 
   Chapter  5: Results 
 
65 
Mental health, represented by BDI, had a significant correlation (p<.001) with 
the 6MWT. Of the physical function and strength tests, the handgrip test was strongly 
correlated with the 6MWT while the isokinetic knee extension and flexion and isometric 
knee extension had a moderate correlation with the 6MWT. With respect to body 
composition, lower limb fat mass was strongly and inversely correlated with the 6MWT. 
All other body composition variables had moderate correlations, while the waist-to-hip 
ratio had a positive correlation. The 6MWT showed no significant correlation with the 
IPAQ outcome. 
Predictors for the 6MWT in obese adults with KOA were found using stepwise 
linear regression (Table 17). Three models were achieved based on three different sets 
of candidate predictors, according to the expenditure/cost (availability) of resources 
needed to collect variables data. The three models can explain more than 60% of the 
variations in the results. 
Table 17. Multiple regression models of predictive factors for 6MWT. 
Model Adj. R2 F Variables B SE B β p 
Model 1 .725 41.49      
   Constant  849.68 32.38  <.001*** 
   %FM_ MPK -4.39 0.73 -.537 <.001*** 
   BPI pain severity -17.27 3.58 -.407 <.001*** 
   FRSTST -5.61 2.51 -.182      .030* 
Model 2 .649 29.99      
   Constant 649.81 36.16  <.001*** 
   Sex 92.37 18.58 .510 <.001*** 
   BPI pain severity -14.05 4.20 -.336 .002** 
   FRSTST -6.88 2.71 -.225 .015* 
Model 3 .607 37.26      
   Constant 572.29 20.48  <.001*** 
   Sex 101.64 19.29 .561 <.001*** 
   BPI pain severity -14.16 4.45 -.339 .003** 
 
In the first model (F= 41,485; p<.001), the variance in 6MWT was explained. 
We first considered all candidate predictors (sex, age, KOOS Symptom, BPI pain 
severity, BDI score, FRSTST, isokinetic extension PKTQ, BMI, waist-to-hip ratio and 
lower limb fat mass) using stepwise linear regression. The variables that remained 
significant were the %Fat mass of the most painful knee, BPI pain severity (BPIseverity) 
and FRSTST (Table 17). The equation of model 1 is as follows: 




Once DXA scanner and BIODEX isokinetic dynamometer are some specialized 
and expensive equipment, a second model was obtaining also through stepwise 
method without considering the outcomes from the scanner and dynamometer (fat 
mass and isokinetic strength). The model is significant and the explained variance was 
.649. (F= 29,989; p<.001) The significant variables were Sex, BPIseverity and FRSTST 
(Table 17). The equation of second model is as follow: 
 Model 2:        6MWT (m) = 649.797 + 92.367 (Sex) – 14.048 (BPI Sev) – 6.878 (FRSTST), where sex=1, 
for male and sex=0, for female.  
Considering the same candidate predictors as those used in model 2, a third 
model was tested but without inclusion of the lower limb strength assessed by 
FRSTST, a physical test that would not be convenient to perform in a clinical context. 
The third model was also significant (F= 37,262; p<.001) and explained 61% of the 
variance. In this model two variables predicted 6MWT, Sex and BPIseverity. The equation 
of this third model is as follow: 
Model 3: 6MWT (m) = 572.292+ 101.641(Sex) – 14.162 (BPI Severity), where sex=1, for male and 








Chapter 6: *Discussion 
 This chapter presents the discussion according the results organization: 
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6.1  Baseline outcomes 
A comparison of our results with previous publications is limited because there are few 
clinical trials with similar inclusion criteria, particularly with regard to the presence of 
KOA in combination with age and BMI interval.  
 Among sample characteristics, a relevant factor was the relatively high 
educational level of a majority of participants, which is very important with regards to 
test comprehension and the quality of answers in self-reported questionnaires.  
The walking distance on the 6MWT at Mom1 of our participants was similar to 
that reported by Hulens and colleagues [85] for the BMI group≥35Kg/m2 and higher than 
that obtained by Beriault and coworkers [84]. The eligibility criteria for the first study, 
however, did not include KOA and the age range was larger than in our sample. The 
age interval in the second study was the same as in our sample, however there was no 
screening for KOA occurrence, although the mean BMI (37 Kg/m2) most likely implies 
the existence of obesity-related pathologies, including KOA. The 6MWT reported by the 
Messier study [103] was lower than our results, however their eligibility criteria included 
having KOA and the BMI of participants was similar; on the other hand, the mean age 
of participants in their study was higher than in ours. 
Despite the fact that our participants were obese adults with KOA, the 6MWT 
indicated that their functional capacity with regards to walking ability and aerobic fitness 
was not compromised. This may be because they were younger in comparison with 
other studies and were still actively employed and leading an independent life. 
Furthermore, the confidence interval of KOOS and BPI were low (KOOS Pain CI=42.9, 
52.5 and BPI severity CI=3.0, 4.1), as were the scores for depression, and these 
variables were correlated with 6MWT (Table 7). 
The difference between strength values obtained in this study in comparison 
with other studies may be explained by the age difference as well as by the type of 
protocol used, namely the arc of motion of the test, speed and type of dynamometer 
used. The initial knee strength results were compared with other studies (Table 2). The 
isokinetic knee extension strength of our participants (Table 6) were slightly higher than 
the ones found by White and coworkers[120]; although participants in this study had a 
similar BMI, they were, on average, older. In contrast, Kean and coworkers [118] 
reported higher isokinetic strength for extension (1.43 Nm/Kg) in a sample with similar 




BMI (30±4 Kg/m2). Finally the H:Q ratio of both limbs were slightly lower than the 
normative value of 60% at an angular velocity of 60º /s[239, 240] suggested in the 
literature, being higher in the most painful knee (57%) than in the least painful knee 
(52%) and revealing an imbalance between the quadriceps and hamstring muscles[239, 
240].   
In the case of isometric knee strength, our results for extension was similar to 
that reported by Bennel and coworkers[114] and somewhat lower than that reported by 
Kean and coworkers[118]. Our baseline results for the MPK at flexion shown in Table 8 
are in line with results reported by Diracoglu and coworkers[115] and higher than results 
obtained in other studies (Lund and coworkers.[121]; Trans and coworkers[122]). The 
study of Malas and coworkers[116] was the only one with better results than ours, 
however no information about BMI was provided. The reported differences when 
comparing our results with other studies can be explained by differences in sample 
BMI, age and KOA symptoms.  
6.1.1. Correlations between KOA symptoms, quality of life and physical 
fitness outcomes  
Although correlation coefficients can indicate how variables are associated, the 
coefficient of determination (r2) results in a percent value, which makes it easier to 
interpret associations between the components of physical fitness, KOA outcomes and 
quality of life in overweight and obese individuals (Table 7). 
With regards to physical tests and knee pain, BPI severity dimension (at the 
moment and related to the last 24 h) had a better association with all physical tests 
(BPI severity, r2=39% and BPI interference, r2=27%) than the KOOS pain dimension 
(pain in the last week). It is well known that chronic pain intensity can vary greatly over 
a week and when questionnaires were given on the testing day, our results showed 
that the pain intensity nearest to the testing day had more influence on test 
performance. This is a relevant finding indicating that pain assessment should be 
conducted as near as possible and before to the physical tests in futures studies with 
KOA. Additionally, self-reported questionnaires that assess pain at the moment and/or 
in the last 24 h, should be preferably chosen. 
The analysis of Pearson coefficient and the coefficient of determination (r2) 
confirmed that the 6MWT is still considered a very useful instrument as an indicator of 
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functional status because, beyond its ability to assess walking ability and an essential 
weight bearing capacity for independent life, it was shown to be directly affected by 
KOA symptoms, body composition and depressive symptoms, important factors related 
to health-quality of life. In fact, the only strong correlation found was between the state 
of depression and 6MWT, showing that attitudes and beliefs can negatively impact the 
capability of accomplishing this physical task. Additionally, pain had a mostly 
mechanical pattern, affecting postural control required in walking. Pain, articular 
swelling, inflammation and structural damage can inhibit muscle activation in 
individuals with KOA, particularly in the quadriceps muscles, and can contribute to 
strength deficits and atrophy, increasing joint loading and changing gait velocity[43, 44]. 
In contrast to pain behavior, the other KOA symptoms manifest a pattern that is 
more constant throughout the week and are moderately associated with the 6MWT, 
although the report of KOOS symptoms was related to the past week6M. With the 
exception of the KOOS sports/rec, 6MWT was significantly correlated with KOOS 
O.Symptoms (r2=28%), KOOS ADL (r2=20%), KOOS QOL (r2=13%) and BDI (r2=19%). 
The handgrip strength test, which might be considered a reliable test of 
functional status and quality of life in obese and overweigh adults with KOA, was 
significantly correlated with KOOS O.Symptoms (r2=12%), KOOS ADL (r2=23%), 
KOOS QOL (r2=10%), BDI (r2=22%), BPI intensity (r2=20%) and BPI interference 
(r2=21%). 
Regarding the relationship between knee strength and KOA pain and other 
symptoms, results showed that neither isokinetic nor isometric knee extension strength 
were correlated with any pain intensity scores (BPI severity and KOOS pain), and only 
isokinetic knee flexion had a significant association with BPI severity, accounting for 
16% of its variability. On the other hand, KOOS other symptoms were significantly 
correlated with all knee strength tests, but accounted for only 9-11% of variability.  
Our study is one of the few that considers how psychological status affects 
performance on knee strength tests. Our correlation analyses (Table 7) show that all 
knee strength tests were inversely and significantly correlated with depressive 
symptoms, with a better explanation of BDI variability found for isometric extension 
(15%) than for isokinetic flexion of the most painful knee (10%). These results could be 
due to the fact that both tests involve movements and/or contraction types that are 
unusual in everyday life activities, requiring greater focused attention and body control 




With respect to the relationship between body composition and pain intensity 
(KOOS pain and BPI severity), while no significant association was found between pain 
and BMI, a positive and significant correlation between pain and fat mass was found, 
where BPI severity could explain 13-16% of the variability of fat mass (total, trunk and 
lower limb fat mass) and KOOS pain could explain 11% of the variability in the lower 
limb fat mass. These results are consistent with the literature67;65] and could be 
explained by systemic inflammation, attributed to the adipose tissue, which can 
contribute to the disability and lower the individual’s pain threshold associated with 
KOA. 
Considering the KOA-obesity cycle (Fig. 2), significant correlations were found 
between BPI interference and KOOS ADL dimension and all fat mass outcomes (r2 
ranged from 14-21%), indicating that KOA pain affects daily living activities and 
contributes to obesity or, conversely, that obesity increases pain and affects daily living 
activities.  
Regarding depressive symptoms and body composition, the results shown in 
table 7 are in accordance with previously published reports[69, 71] where variations in the 
BDI score were positively correlated with fat mass, explaining 25% of variation in total 
body fat mass, 18% of variation in trunk fat mass and 20% of variation in lower limb fat 
mass. On the other hand, BDI score only correlated weakly with BMI and waist-to-hip 
ratio, explaining only 9% of variation. 
6.1.2. Lower limb contralateral analysis: comparison between the most 
and least painful knee  
Muscular strength is an important component for physical activity and for the 
performance of daily living activities. A generally observed phenomenon is that the 
capacity to generate maximum strength is compromised when the homologous 
extremities bilaterally contract. This phenomenon is named bilateral deficit (BLD)[241], 
and it occurs when the resultant force from bilateral homonymous limb contractions is 
less than the summed force of individual limb contractions. 
According to Kvist[242], the strength contralateral analysis is useful to identify any 
deficit that could compromise the biomechanics of movement with BLD >15% 
considered abnormal. Individuals with KOA have demonstrated strength deficits 
ranging between 11% and 56% when compared with healthy controls [243], and in cases 
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of pain occurrence, the ability to produce force with the most painful knee is 
compromised. As expected, results for the strength tests shown in Table 8 were 
significantly lower in the most painful knee, representing a bilateral deficit for the least 
painful in all knee strength tests (isokinetic knee extension and flexion and isometric 
knee extension). However, the worst BLD found was 16% in the isokinetic extension, 
which, according to Kvist[242], is the only result that can be considered in the limit to the 
abnormal.  
Peak torque values may not adequately reflect tension development through 
knee range of motion. Total work and mean power generated, on the other hand, are 
highly relevant measures. Work is done by the rotation-producing force is equal to the 
torque generated by the force times the angular displacement of the body. The rate at 
which work is done is known as power. Regarding the total contralateral work, results 
are in accordance with BLD, being higher in the least painful with differences of 20% in 
the isokinetic extension strength and of 14% in the isokinetic flexion strength. 
It is generally accepted that a strong quadriceps is a protective factor in OA 
pain[244] and when combined with a strong hamstrings promotes shock absorption and 
load distribution in the joint, especially during gait[17]. No significant difference in H:Q 
ratio was found between limbs, although both had an H:Q ratio slightly smaller than the 
normative value suggested in the literature of 60% to an angular velocity of 60º/s[239, 
240]. 
Despite the fact that only 9 of 48 participants had unilateral KOA, is important to 
discuss how asymmetry in strength and knee load distributions during walking and in 
other daily activities can aggravate the disease. For pain avoidance, individuals with 
unilateral KOA use the strategy of overloading the contralateral limb. Consequently, 
this overuse of the contralateral knee can cause knee pain and KOA installation in the 
non-affected knee, leading to bilateral KOA. In the same way, in cases of bilateral 
KOA, a common strategy is the avoidance of movement in the most painful knee, 
overloading the Least Painful Knee and increasing pain and aggravating disease in this 
limb. Curiously, the body composition and morphology outcomes expressed in table 8 
indicate that, although there was no difference in fat mass between the MPK and LPK, 
the circumferences were significantly bigger in the LPK, which allows the speculation 
that this result could be due to greater muscle mass in the Least Painful Knee, the 




Reduction or elimination of bilateral deficit could be considered a neural 
adaptation to strength training, indicating added ability to activate agonists in bilateral 
movements. Although bilateral activities reduce deficit, performance in unilateral 
exercises may constitute an important strategy aimed to preserve strength, especially 
in relevant asymmetry situations [245]. 
6.2 Effectiveness of PICO Aquatic exercise program 
The main discussion of this document is around the effectiveness of the PICO aquatic 
exercise program on KOA symptoms, quality of life and physical fitness of the obese 
and overweight adults who participated in this project. Secondary outcomes, body 
composition, lower limb morphology and lifestyle were discussed in an integrated way, 
throughout the text, whenever necessary. 
Results show that the aquatic exercise protocol conception and implementation by 
the PICO project provides good indicators for the establishment of guidelines for the 
design of aquatic exercise programs for obese individuals with KOA. Our findings 
corroborates the observations of the Lim study [186], showing that aquatic exercise is an 
effective tool for obese patients who have difficulties with land exercise due to KOA. 
A comparison of the aquatic PICO program with other clinical trials that use 
AE[101] reveals that differences are due to the quality of the aquatic exercise 
methodology used. The main strengths in the design of this program were the detailed 
exercise prescription protocol concerning dosage (frequency, duration and intensity of 
the exercise), the fulfillment of overload and individualized principles of training (e.g., 
gradual increase in the number of sets and repetitions on strength training), the control 
of exercise intensity during the sessions by using heart rate monitor equipment and 
rating perception effort scales (e.g., Borg RPE and OMNI scales), and the pain control 
by NRS. Another feature of AE is that because the exercise intensity depends on the 
water´s resistance, which is generated according to the individual’s capacity to apply 
force against the water (Newton's laws), AE allows for an individualized workout within 
a group class. On the other hand, control of exercise intensity in the water can be 
subjective, mainly in strength training, and this has been considered one disadvantage 
for protocol application. 
All evidence-based information provided from previous aquatic studies[121, 148, 151, 
183, 186, 190], such as the importance of music on motivation, music cadence effect and 
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the cardiorespiratory responses of each AE pattern, as well its biomechanical 
characteristics, were considered in the present study. The exercise program was 
delivered by highly qualified aquatic exercise instructors with controlled supervision to 
guarantee that interventions were similar in both AE classes, according to the 
predefined plan. 
Strategies implemented in our AE program, namely, the motivational 
component and the extra class offered every 15 days, to ensure that all participants 
fulfilled the 24 sessions, are a strength of this program. Additionally, it should be noted 
that easy access to the program facilities further contributed to participant motivation 
and adherence. The withdrawal reasons for the four participants who did not complete 
the whole program were not related to motivation or methodology used, but rather to 
health problems or an inability to perform the battery of tests at the end of the 
intervention. One possible constraint to the success of this aquatic exercise program 
was the level of water skills of each participant. The first month was spent improving 
the participants’ ability to control their body and their ability to apply force against water 
and reach the desired overload. As a consequence, when participants were ready to 
work with higher overload, using additional drag equipment, the program was near its 
end. Increasing the duration of the program by another month would allow time to solve 
constraints posed by the beginners’ water skills. 
6.2.1. KOA symptoms and quality of life 
The positive changes on KOA symptoms and quality of life outcomes (assessed by 
KOOS, BPI and BDI questionnaires) found in the present study reflect the 
multicomponent approach of PICO aquatic exercise program and corroborate the 
findings of Hinman and coworkers[165] and Kim and coworkers[183]. 
Beyond being statistically significant, improvements in KOA assessed by KOOS 
in the AE group were above 10 points in each dimension (Pain=24.3, 
O.Symptoms=20.1, ADL=23.4, Sport/rec=26.2 and QOL= 14.5) and were considered 
clinically relevant [202]. In general, changes in KOOS in the AEG were above 40% and 
quite superior to the changes of symptoms reported in other studies [104, 121, 148, 183, 190]. 
Although Lund[121] did not observe changes after 16 AE sessions, improvements of 
13% after 36 sessions were reported by Wang[104]. The study of Thorstensson[190] 
showed a significant improvement in QOL after only 12 sessions of land exercise, but 




Suomi[148], which used a different instrument for pain and ADL assessment, pain 
improvements in older adults was only approximately 13% after 8 weeks of aquatic 
exercise. 
A detailed analysis of the group effect for each item of KOOS symptoms and 
KOOS pain (Table 9) provided interesting information about the dose-response to 
exercise and how it affected the total score of KOOS dimensions. Three items of 
symptoms showed no group effect (S5, S6 and S7). Concerning the ability to bend the 
knee (S5), the absence of changes could be due to the fact that our sample population 
was obese, and their anthropometric measures, weight and fear of falling could have 
been a constraint to bending the knee. Our expectation is that this should change with 
long term interventions and subsequent weight loss. In contrast to the aquatic program 
of Hinnan and coworkers[165], our results for both stiffness items (S6 and S7) did not 
show significant changes. Those authors attributed their reduction of joint stiffness to 
the warm water (34ºC), which was higher than the temperature used in our PICO 
aquatic program (30.5ºC). With respect to the other symptoms, significant group 
effects were found for swelling (S1), noise (S2), knee hang up (S3) and knee 
straightening (S4). The change in these symptoms could be attributed to a decrease in 
pain, better joint lubrication and improvement in functional strength. The reduction of 
swelling, may be attributed to the fact that the exercise protocol had been performed in 
water; if the exercise was performed on land, the joint overload of weight bearing 
exercises could have caused a contrary effect. Moreover, as described by the 
principles of hydrodynamics, hydrostatic pressure makes aquatic exercise very 
different from land-based exercise, and this is important to consider clinically. 
Hydrostatic pressure increases 1 mmHg every 1.36 cm of water depth. This means that 
at 1.2 m of body immersion the pressure around the limb is higher than normal diastolic 
pressure and could aid venous return [246]. This supports the clinical observation that 
edema or swelling are reduced after immersion [168, 247]. Most likely, joints with reduced 
swelling can accomplish a larger range of motion, thereby improving movements.  
The initial pain level reported at baseline by the participants in our study is 
considered mild (KOOS Pain= 48±16 and BPIsev= 3.6±2). Based on observations of 
items in the pain dimension of KOOS (Table 9), the significant group effect observed 
indicates a successful reduction of pain on all daily living movements such as knee 
twisting, straightening, walking, and up and downstairs. The improvement of pain at 
night is critical because pain could impair sleeping quality, thereby affecting mental 
health and compromising the quality of life. 
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A significant group effect was found for pain reported in the last 24 hours with 
changes of nearly 35% for CG and 65% for AEG for both BPI dimensions measured 
(Fig. 5). These results are superior to those reported by Lim and colleagues [186] who 
observed a reduction of 25% in pain severity and 35% in pain interference. Hydrostatic 
pressure can improve peripheral circulation[248] and act on nerve endings and, when 
combined with muscle relaxation due to the buoyancy of water, can explain the pain 
reduction reported in both questionnaires, KOOS and BPI [193].  
The health-related quality of life in this study was analyzed based on three 
KOOS dimensions (ADL, Sport/rec and QOL) and on mental health assessed by BDI. 
The outcomes present significant clinical benefits from the PICO aquatic exercise 
program and reflect improvements in other outcomes, as mentioned above. 
Additionally, effect sizes expressed in Table 12 indicate a large effect size for ADL, 
Sport/rec and BDI and a medium effect size for QOL, revealing the superior results of 
our aquatic exercise program compared to other studies[104, 165]. 
With regards to mental health, our findings corroborate the results obtained by 
Kim and coworkers[183], where depression outcomes benefited from AE. While our 
improvement on BDI was approximately 46% after 24 sessions, the protocol of Kim and 
coworkers provided an improvement of only 8% after 36 sessions. However, the 
questionnaire used and sample characteristics at baseline were different between 
these 2 studies, and it is possible that once individuals lost weight and were no longer 
obese, their level of depression was lower. Moreover, the PICO AE had a strong 
cardiorespiratory component where, beyond its positive effect on pain control[15], 
aerobic exercise is known to improve mental health by reducing anxiety, depression, 
and negative mood and by improving self-esteem and cognitive function [73, 92]. In 
addition, pain involves a psychological dimension and is a subjective perception that 
can affect pain tolerance; as such, it is correlated with mental health. Improvements in 
mental health lead to better pain tolerance. Group interactions, music and improvement 
in physical function can improve an individual’s psychological state. For this reason, 
besides the improvements in the Beck Depression Inventory (BDI) scores in the AEG 
(46%), we believe that the tips provided to the CG for a better lifestyle and the 
possibility to meet other individuals with the same problems, provided motivation to 
them and contributed to the improvement (10%) in their depressive symptoms. In the 
same way, this improvement in the BDI of CG may explain their better results in the 




The improvements in all outcomes and health-related quality of life with PICO 
aquatic exercise practitioners are clear and are reinforced by testimonials, in appendix 
11, and the results of the physical fitness tests. 
6.2.2. Physical Fitness 
Considering the positive benefits of the PICO aquatic exercise program on KOA 
symptoms and quality of life, discussed above, we expected that these benefits would 
be reflected in the physical fitness results. In fact the physical fitness results (Table 10 
and 11) are in accordance with other studies [104, 186] and demonstrate the efficacy of AE 
on the cardiorespiratory, strength and flexibility components of the physical fitness 
tests. The positive results could be due to the fact that exercises and strategies were 
chosen to meet specific fitness goals as established in the program design. 
It is noteworthy that the strong cardiorespiratory component, with intensity 
control, used both traveling movements (forward, backward and side-to-side) and basic 
AE aerobic movements (walking, power walking, cross country skiing, jumping jacks, 
alternating kick and alternating leg curl). With respect to the 6MWT, the improvement of 
55 m in the AEG was a significant group effect (Table 10) and showed the largest 
effect size (.484, Table 12). This improvement corresponded to an increase in gait 
speed from 1.5 m/s to 1.7 m/s, with the final speed being higher than most referenced 
values for individuals with KOA (Table 1), although they were aged individuals, and 
even in comparison with several studies involving elderly healthy subjects[106, 107, 110]. 
These findings are better than those reported for short duration protocols[88, 165] and are 
similar to those reported in the Wang study[104] and to those obtained in the 6-month 
land program of the IDEA RCT study[103].  
Considering the inverse relationship found between the BMI and the 6MWT and 
that walking is a weight bearing activity, we were concerned that changes in body mass 
could affect the results. For this reason, the ANCOVA analysis for 6MWT included the 
body mass changes as a covariate. The results did not indicate a significant effect of 
body mass change, possibly because the magnitude of weight loss in the AEG, 
although significant, was not enough to produce an effect on the 6MWT. In addition, 
the correlation analysis (Table 7) showed that the distance walked in the 6MWT was 
inversely associated with KOA pain, other symptoms and depressive symptoms and 
was positively associated with lower limb strength (FRSTST). All of these outcomes 
showed a significant group effect after intervention. 
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The positive results obtained in the FRSTST, which evaluated lower limb 
strength in a closed kinetic chain task, and the Handgrip test could be explained by the 
inclusion of strengthening exercises in the class planning (Appendix 3) and by the 
characteristics of the aquatic environment. Although AE is considered a low impact 
type of exercise, where the reduction in weight bearing is correlated with the immersion 
level, its characteristics are similar to land neuromuscular exercise. The constant action 
of hydrodynamic resistance generated by movement and the body stability challenge 
provided by the buoyancy and inertia of the water means that most of the aerobic 
patterns of AE are multiplanar and multijoint movements, offering both a resistance-
strength workout and stability training for the entire area of the submerged body, even 
during aerobic exercises.  
The FRSTST physical test had the second largest group effect size, after the 
6MWT, indicating improvement in the lower limb strength, mainly in the capacity to 
perform the sit to stand task faster. This finding may be explained by the increase in 
muscle power due to the exercise cadence variations used in the PICO methodology 
and, again, the required force application against water resistance. 
With respect to the handgrip test, although not a specific test for KOA 
assessment, this test was found to be a reliable indicator of general physical function, 
as reported by Deforche and colleagues[227]. Handgrip strength results revealed a 
significant group effect, which was significantly associated with all physical tests and 
with self-reported outcomes (KOOS Symptoms, ADL, QOL and with BDI and BPI).  
Regarding flexibility, although not one of the major goals defined in the PICO 
AE program, improvements were reported in both groups for lower limb and upper limb 
flexibility assessed, respectively with the CSR and BS tests. Nevertheless, the percent 
change in the AEG (CSRLPK=101%; CSRMPK=104% and BST=40%) was better than in 
the CG (CSRLPK=88%; CSRMPK=84% and BST=13%) and was higher than the change 
(9%) reported by Suomi[148] after 8 weeks of AE.   
A significant group effect was found for all flexibility tests, with the exception of 
the CSRLPK, where the absence of a group effect could be due to the large standard 
deviation. The improvements in the CSRMPK could be related to the pain and symptom 
relief reported by the AEG. In addition, improvements in flexibility in the AEG could be 
due to the stretching exercises performed in the end of each class and to the buoyancy 
action, which allowed assisted exercises to be performed with a large range of motion 




anthropometric characteristics of overweight and obese individuals could compromise 
the Back Scratch Test and the Sit and Reach test, both being considered a 
confounding variable.  
 Concerning knee strength, the fact that no significant group effect was found for 
isometric and isokinetic knee extension strength could be explained by the large 
standard deviation of strength results, due to a possible learning effect from Mom1 to 
Mom2, and by the presence of pain during the test. Moreover, the absence of a group 
effect could be due to a slight increase in knee strength in the control group due to 
some lifestyle change. Although a maximal effort was expected in isokinetic tests, the 
phenomenon of suboptimal effort is well recognized in the literature. Some patients 
with known musculoskeletal dysfunction can give less than a full effort during testing 
time, for a variety of reasons, including pain, fear of pain, anxiety, depression, fear of 
disease aggravation, lack of understanding of the instructions, and lack of 
understanding of the importance of the test. Because the group effect comparisons 
were adjusted for pain, it is possible to speculate that a lack of understanding of the 
importance of the test or lack of understanding of the instructions could have interfered 
with baseline tests. After integration into the PICO program, these constraints may 
have been resolved by the time of testing at Mom2. 
Although in most studies with KOA, quadriceps weakness receives much more 
focus than hamstring weakness, the contribution of knee flexors in knee health status is 
gaining increasing importance[213, 249]. Contrary to the non-significant changes reported 
by Lim[186], our program reported knee strength improvements that were different from 
the results reported by Pais[194] after an aquatic exercise intervention with the same 
duration (3 months). Their aquatic program had better improvements in the knee 
extension strength, while our PICO aquatic program only had significant improvements 
in the knee flexion strength. In addition to differences in the statistical method used, 
their sample included elderly individuals, where loss in quadriceps strength is 
accentuated and the capacity to perform movements against buoyancy could be 
reduced in comparison with younger adults. This means that, if the methodology used 
did not have a special focus on teaching how to apply force against the water in both 
directions of movement, it is easier to perform movements of knee extension toward 
the water surface, where water buoyancy acts to support, than to overload the posterior 
muscles when returning the limb to the bottom. Most likely, this is the main explanation 
for our participants who had better improvements in the knee strength at flexion, 
although subjects with KOA also have well-documented hamstring strength deficits[243]. 
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Additionally, quadriceps weakness, which is considered a risk factor in KOA, is due not 
only to arthrogenic muscle inhibition (AMI) but also to sarcopenia, a common feature in 
elderly individuals. 
Beyond the strength values of the different muscle groups around the knee 
joint, assessment of muscle dysfunction should also be considered, in particular, the 
strength balance between agonist and antagonist muscles, expressed by the 
hamstring/quadriceps ratio (H:Q), which is an indicator of intermuscular coordination. 
Decreased hamstring strength relative to the quadriceps (H:Q) may predispose both 
the joint and the weaker muscle group to injury. Although H:Q could not be considered 
a predictive factor for incident symptomatic KOA[250], imbalances in the present study 
were analyzed according Aagaard and colleagues[251], who suggested that a H:Q ratio 
greater than or equal to 0.6[252] is considered normal. Moreover, expected ratios for the 
normal knee are 60% to 69% at an angular velocity of 60 degrees per second, with a 
tendency to increase with increasing angular velocity. Our results, summarized in Table 
11, indicate that some H:Q imbalance is present at baseline for both groups, ranging 
from 0.50-0.60, and despite a slight increase with exercise, it was not enough to be 
statistically significant and no group effect was observed. Although we know that the 
knee concentric-concentric protocol used in the present study does not reflect natural 
muscle function, where the quadriceps contracts concentrically while the hamstring 
contracts eccentrically in a concentric-eccentric mode (functional H:Q ratio), the 
concentric-eccentric mode, which is considered more accurate for functional 
assessment[253], is difficult to perform, especially in a non-athletic population, and could 
be unsafe for individuals with KOA. 
Although weight loss was not the aim of this study, our participants in the AEG 
had a significant decrease in BMI, in agreement with the study of Lim[186], leading to a 
reflection of how the AE program could have influenced the weight loss. For this 
reason, changes in lifestyle were analyzed using the physical activity and the eating 
patterns outcomes. 
The significant group effect observed for the changes in the amount of physical 
activity could be due to regular attendance at aquatic classes by the AEG, 
corresponding to 360 METS/week. The physical activity increase recorded, however, 
was approximately 700 METS, indicating that the AEG did, on average, an extra 340 
METS/week on their own. The CG, who attended the educational program, could have 
also made small changes in their lifestyle, however the IPAQ questionnaire only 




selected for this study was to detect considerable changes in the amount of physical 
activity, which could be a confounding factor. In other words, the IPAQ was used to 
screen for participants who began another structured exercise program. In addition, the 
large standard deviations reported in both groups could have compromised the 
significance of the results. Despite the significant group effect on changes in the total 
METs of physical activity, our results show that the weight loss in the AE Group was 
not due to the change in the physical activity (p=.534).  
Another relevant aspect is that the CG received educational and motivational 
support to change their lifestyle, however this was not offered as an intervention for 
KOA management. As a result, a significant group effect was found in pain and other 
symptoms as assessed by KOOS and BPI questionnaires. Consequently, the presence 
of knee pain and other symptoms remained a constraint for increased physical activity 
in the CG. On the other hand, although not statistically significance, the CG revealed 
some improvement in eating patterns, however, this was not enough to compensate for 
the deficit in physical activity or to be effective in changing BMI. Most likely the energy 
expended to perform the aquatic exercise patterns, which involve large muscle groups, 
the possible increase in muscle mass and the small alterations in daily physical activity 
were enough to improve their BMI. Although no group effect were observed in the 
sitting time per week, it is important to note that the reduction of sitting time per week in 
the AEG was 18% while in the CG it was only 1.3%. This difference could be a result of 
pain reduction and changes in how KOA symptoms affected daily living in the AEG, as 
reported by KOOS and BPI questionnaires.  
6.3 Complementary analyses 
6.3.1. BMI groups comparisons for KOA outcomes, physical fitness and 
quality of life 
The difficulty in finding other studies that applied a broad battery of tests with similar 
sample population, as well the difficulty in finding results presented by BMI groups and 
similar age intervals, compromised the development of this discussion, however this 
shows the pertinence of an approach based on BMI group classification. 
KOOS outcomes for each BMI group are summarized in table 13. Of all the 
grade III reported worst conditions in all KOA-related outcomes, only the Pain 
dimension presented a clear behavior, increasing as BMI increased. A similar tendency 
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was observed for BPI severity (Table 14). These results are consistent with the 
literature reviewed in Chapter 2, where mechanical pain is related to weight bearing 
activities[42], being exacerbated by increasing joint load as well systemic inflammation in 
fat tissues, which may compromise an individual’s pain threshold[25, 38, 78]. 
Higher scores of depressive symptoms were found for obesity grades II and III 
when compared with grade I and overweight, in accordance with both the results 
reported by Wadden and coworkers (2006)[74] and the positive and significant 
correlations between fat mass and BDI, as shown in table 7. 
Concerning IPAQ results (Table 14), the groups with higher grade of obesity 
reported a lower amount of physical activity per week, as expected, and only the 
overweight group showed a significantly higher level of physical activity per week when 
compared with all obesity groups (p<.05).  
In general, the results of the physical tests were better for the overweight group 
and poorest for obesity grade III. Multiple comparisons of the physical fitness results 
were performed between groups and are summarized in table 15. Significant 
differences were found for the 6MWT in the obesity grade III group when compared 
with the overweight group (p=.011) and with grade I (p=.020) and grade II (p=.033) 
obesity groups. This fact can be explained by the significant correlations that were 
found between the 6MWT and Fat Mass and Pain and Depression, and by the absence 
of a correlation between Fat Mass and the strength and flexibility tests, as summarized 
in Table 16. In addition, it is possible to say that the distance walked by the obesity 
grade III group was clinically worse than the distance walked by the other BMI groups 
(difference>50 m), in agreement with the findings of Messier and coworkers (2013)[103] 
and somewhat higher than that found in two other studies (20 m)[84, 87], although the last 
study did not involve KOA. In addition, the obesity grade III group, despite being 
younger, had worse results than all other studies with reportedly healthy elderly 
individuals, as cited in table  1. 
Regarding isokinetic strength for knee extensors, when comparing results from 
other studies[114, 118-120], it was interesting to note that our data were lower than all 
others except for the comparison with the results obtained by White and coworkers[120] 
for obesity groups grades I-III, which although similar with respect to BMI included an 
older population, and by Sanchez and coworkers (2003)[113], which had a lower BMI 
and somewhat older population. In the case of isometric knee extension, the 




118, 119], while the obesity groups grade I-II had similar results to those reported by Lim 
and coworkers[119], but, once again, their sample was older and had a lower mean BMI. 
6.3.2. Predictive factors of 6MWT in overweight and obese adults with 
KOA 
The analysis of the three models presented (Table 17) provides important information 
regarding the walking capacity of obese individuals with KOA. In addition to the walking 
distance of obese individuals being significantly smaller compared to lean individuals[85, 
102], there is an association with the functional limitations imposed by KOA symptoms, 
leading to the adoption of different gait patterns to ensure maintenance of balance and 
to avoid mechanical pain, thereby compromising gait efficacy[85] and decreasing gait 
speed. 
Capodaglio and coworkers[102] showed that the 6MWT in obese individuals was 
significantly correlated with age, gender and BMI, and proposed a reference equation 
where these variables could explain 48% of the walked distance: 6MWTm= 894.2177 – 
[2.0700 x age (yrs)] - (51.4489 x gender) - 5.1663 x BMI (Kg/m2). Our results, 
summarized in table  16, are in accordance with this study and show a significant 
correlation between 6MWT and body composition, body morphology and OA 
symptoms. However, the model of Capodaglio[102] included age as a predictive factor 
for 6MWT and in our models, age was not significant, possibly due the fact that our 
regression models were obtained from adults and did not include older persons. This 
suggests that the effects of aging lost importance and other variables were considered 
more important for the models. The advantage of using data from the present study to 
evaluate the predictive factors for 6MWT was the ability to test models with a broad 
variety of dimensions, from physical fitness and mental health to KOA symptoms and 
health-related quality of life. 
Regarding knee strength, deficits in quadriceps activation can moderate the 
relationship between knee strength and physical function[254], and this is considered in 
the literature as a significant predictor for the 6MWT performance[249]. Curiously, 
despite the correlations that were found for strength tests and 6MWT, the FRSTST 
remained significant and, instead of the knee strength tests, was included in Models 1 
and 2. Our participants did not reveal considerable knee muscle weakness, and this 
could explain the observation that knee strength outcomes did not show relevant 
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results in the 3 models presented. In addition, we did not perform eccentric strength 
tests, an important component for physical function activities. 
Although the variables selected for testing are becoming increasingly simple 
and accessible, the knee pain obtained from BPI severity is a relevant factor for the 
6MWT in each of the 3 models. It was expected that the fat mass included in Model 1 
would be substituted with the BMI when the variables from DXA scanner became 
unavailable for Model 2 and 3, but this was not observed, and Models 2 and 3 did not 
reveal BMI or other body morphology as predictive factors for 6MWT. 
The main conclusion from these analyses is that, in obesity cases, KOA pain 
should be identified, assessed and controlled in any type of exercise program that 








Chapter 7: Conclusions 
This chapters presents the research findings which could be concluded 
according to the results. 
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7.1 Main research findings 
Our study was based on the premise that individuals with KOA need a broad exercise 
intervention, adapted not only to the affected joint but to overall health status and that 
works with the whole body and mind, simultaneously. The results of this study provide 
pertinent information about the viability of establishing a multicomponent approach 
using aquatic exercise and generating positive results in different components of the 
human being in addition to OA symptoms. In addition, the sample characteristics of the 
PICO project as well as overweight and obese adults with KOA represent a real world 
health problem.   
The PICO aquatic exercise program was designed and implemented well, 
based on the initial project. Our study highlights the importance of developing a 
controlled and detailed aquatic exercise protocol that, beyond pathology expertise, 
requires a deep knowledge about the fundamentals of aquatic exercise with aquatic 
instructors having advanced teaching skills. Control of the training intensity is essential 
for fitness improvement, and the PICO project demonstrated that the utilization of self-
perception subjective effort scales (OMNI and BORG) is possible and effective, even in 
aquatic exercise group class.  
 If we consider that an obese person with KOA can have a wide range of 
associated problems or dysfunctions, an advantage of the PICO project was the 
complete battery of tests, assessing not only KOA symptoms and related-quality of life 
but the physical and mental component.   
It can be concluded that the participants of the AE program greatly benefited 
from the PICO protocol, showing improvements in all parameters of KOA symptoms. 
Our results demonstrate that the strong cardiorespiratory component associated with 
the specific water properties, namely buoyancy and hydrostatic pressure, contributed to 
the great improvements in KOA symptoms, including a reduction in pain, knee noise 
and swelling. Water buoyancy can diminish joint loading of lower extremities thereby 
reducing the effects of gravity. This is particularly important in exercise management 
for overweight and obese people because it can reduce the stress placed on joints and 
decrease the risk for OA progression. 
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It should be noted that the symptom of knee stiffness did not benefit from our 
aquatic program. The pool water temperature, approximately 30.5ºC, was adequate for 
cardiorespiratory training, and although lower than the temperature used in 
hydrotherapy (≥32ºC), it seemed sufficient for providing pain reduction without 
compromising exercise intensity. 
A result of the relief of symptoms is an improved capacity to perform daily 
activities, as well as mental health, contributing to a better health-related quality of life. 
Additionally, we suggest that the motivational strategies used were essential for 
exercise adherence and the positive results in mental health. The improvements in 
mental health could be attributed to several others factors: (1) the educational 
component of the aquatic session; (2) the use of motivational cueing during classes; (3) 
the variation of the final part in each session and (4) the promotion of social interaction 
among participants. 
This investigation of the effectiveness of the PICO aquatic program on physical 
fitness produced important results. Aquatic exercise provided improvements in gait, 
aerobic fitness, general strength (knee strength, handgrip strength and the sit to stand 
capacity) and flexibility.  
With respect to knee strength, positive results were observed for the knee 
flexors in both the most and least painful knee. Although flexibility improved, there was 
no specific flexibility training program. This component was incorporated by the use of 
dynamic stretching during aerobic exercises (assisted by buoyancy), and by stretching 
exercises added at the end of each session.  
 The analysis of the predictive factors for the 6MWT concluded that knee pain is 
a considerable constraint for an obese individual when beginning any type of weight 
bearing exercise and should be controlled.  
The contralateral analysis showed that pain can affect knee strength and lower 
limb morphology in obese individuals with KOA, confirming that an imbalance in the 
most painful knee should be an important consideration when designing exercise 
programs to prevent KOA and worsening physical function. 
The PICO Aquatic exercise program was effective for controlling the main 
obstacles in KOA management (knee pain and depression), being effective on KOA 
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symptoms, and improving health-related quality of life and physical fitness of 
overweight and obese individuals with KOA.   
7.2 Practical implications and future directions 
In this section we summarize the practical findings derived from the present 
dissertation and consider their practical application to the real-world of sports and 
exercise settings. 
The PICO aquatic project provided relevant insights into the exercise 
intervention field. It showed that aquatic exercise, when well designed using a 
controlled methodology, is effective at improving all fitness components in adults, not 
just the elderly. Furthermore, the present study showed that aquatic exercise is a 
suitable option for obese individuals to control KOA symptoms and initiate a weight loss 
process. In this way an important message for all weight control programs and for 
exercise’s professionals is that KOA symptoms, mainly pain, must be identified and 
controlled, otherwise it becomes a constraint for meeting exercise goals.  
Pain and depression are considered major obstacles for KOA management, 
and the PICO aquatic program was effective at solving this constraint. It is our belief 
that the motivational strategies used and the strong cardiorespiratory component were 
critical to the results observed. 
Unlike other studies, it was shown that it is possible to introduce an educational 
component during the exercise class period and that it is not necessary to create an 
extra class just for this goal. 
Suggestions for future studies: 
 Include gait analyses in the tests battery (kinetics and kinematics); 
 Include analyses of biological markers; 
 Include strength assessment of hip adductors and abductors, and isokinetic 
eccentric tests; 
 Include assessment of range of motion; 
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 Include more specific strength training for lower limbs and design the overload 
progress with drag equipment in the lower limb; 
 The exercise program quality depends of the instructor profile, and considering 
the subjectivity of aquatic exercise stimulus, we advise that instructor selection 
be carefully conducted; 
 Apply this PICO protocol twice a week and include one more month (4 months), 
corresponding to 32 sessions with a follow-up; 
  To reproduce this study with a larger sample, in different community centers, 
providing reliability for the public health domain; and 
 To design and develop the AE protocol for the next step of intervention, after 
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Documents and publications which were considered relevant for the  
this study understanding were included. Firstly are the questionnaires 
and documents related to the methods chapters and secondly  are 
presented publications related to this dissertation. 





Appendix 1: Tests list of PICO Project  






Tests list of the PICO project 
ASSESSMENT/TESTS Pre-screening Baseline 3 months 




KOPS  x 
 
x 






Beck Depression Inventory 
 
x x 
Weight andLifestyle inventory  
 
x x 
Brief Pain Inventory   
 
x x 
Physical Function         
6MWT 
 
x x  
Knee Strength     
 
x x 
Hand Grip Strength 
 
x x  
Flexibility   
 
x x  
Gait Analysis  
 
x x 
Morphology and Body Composition                               
Anthropometry             
 
x x 
Fat mass and BMD (DXA scan) 
 
x x 
Radiology       










Appendix 2: Informed consent  
  


























































Elbow flexion/extension  
  
Shoulder horizontal adduction/abduction 
  
Shoulder  adduction/abduction with  forearm in pronation 
 
    
ABS: Antero- posterior bilateral pendulum in level 3 with bounce in the center       
    







Appendix 4: Knee Osteoarthritis Pre- Screening  
Questionnaire (KOPS) 




















Appendix 5: Knee injury and Osteoarthritis Outcome 
Score (KOOS)  
  

















Appendix 6:  Brief Pain Inventory (short version) 
 
















Appendix 7:  Beck Depression Inventory II 
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Appendix 8:  Physical Activity Questionnaire (IPAQ) 
   
148 
  







Appendix 9: The Weight and Lifestyle Inventory 
(WALI).   
  
 
   
152 
  


















Appendix 10: Patients' Global Impression of 
Change (PGIC)  
   
158 
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 "Olá Flávia, terminei este programa, (Pico) com grande alegria, não só por todas as 
pessoas que conheci, mas também pelos progressos alcançados. Cara Amiga Flávia, 
mais uma vez o meu muito Obrigado e fiquem certos de que vou ser o vosso 
Embaixador pelo mundo, publicitando o vosso Grandioso Trabalho, Abraços e 
beijinhos para todos," 
Sou Porfirio Brito, 07/2011 
 
"Até à data está a funcionar em pleno. 
Sinto-me mais solto de movimentos e... já perdi 3 Quilos!" 
Joao Pinto 
 
"Começámos o projecto PICO em meados de Março, no meu caso especifico já 
aconteceram algumas coisas boas: 1 - Comecei a sentir as minhas pernas mais fortes 
(joelhos) e estou a pouco e pouco a sentir que ando mais direita, com menos medo de 
por o pé esquerdo no chão, o que acontece normalmente.2- Descobri que o sofá lá de 
casa era muito baixo e que isso também  me causava mais mal estar. Livrei-me do 
sofá, agora ou uso uma cadeira  ou num sofá alto - tipo cama - em que não preciso de 
dobrar tanto as pernas.3 - Não sei se acontece a mais alguém, mas sinto mais dores 
no joelho quando parece que ele "sai do sitio" - descobri que se ficar de joelhos em 
cima duma almofada consigo "alinhar" essa parte do joelho e melhoro por uns 
tempos.” 
Um abraço para todos e obrigada por esta iniciativa !"  
Maria Augusta Sousa 4 de Abril de 2011 
 
"É com muito orgulho que faço parte desta grande equipa! 
  
164 
A Professora Flávia perguntou, eu pensei e aceitei. Uma porta abriu-se...para vos 
conhecer a todos! 
Está a ser uma experiência incrível, ainda sou nova nestas andanças, estou a dar o 
meu melhor e espero vir a aprender com todos vocês. E espero que vocês, meus 
alunos e minhas alunas, aproveitem esta experiência para mudar as vossas vidas! 
grande sorriso 
Não me posso esquecer da Joana, da Susana e do Kiko, que juntamente comigo, é a 
equipa que vos acompanhará até ao final e quiçá até mais uns meses. 
Um Grande abraço a Todos! Obrigada! " 
IOLA PINHO, 11/04/2011 
 
" Olá a todos! Antes de tudo queria felicitar todos, mas todos os atletas que fazem 
parte desta jornada! Já tive a oportunidade de conhecer as 2 turmas (tarde e noite) e é 
fantástico ver a forma como vocês estão a aproveitar esta oportunidade! Isto é apenas 
o início. Daqui para a frente é só melhorar!! Toda a equipa está a trabalhar para isso! 
Aproveito para agradecer à minha turma de "origem" (tarde) todas as alegrias que me 
têm proporcionado! É muito bom ouvir, com tão pouco tempo de aulas, que já sentem 
melhorias nas simples tarefas do dia-a-dia. Acreditem que só com o vosso esforço é 
que chegaram onde chegaram. Parabéns! 
À turma da noite, que só tive, até então, a oportunidade de estar uma vez (mas que 
estarei mais vezes, com certeza) deixo um grande beijinho por serem tão simpáticos e 
nada de perderem a garra que eu vi quando vos dei aula, sim? grande sorriso Têm 
óptimos professores! 
Saudações motricitárias, 
Susana Valente - FMH (Projecto PICO) 
“Como professor, só tenho que agradecer a determinação e empenho que 
demonstram aula após aula, pois os resultados não dependem só de quem vos 
acompanha fora de água, vocês são fundamentais em todo o processo. O vosso 
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desenvolvimento tem sido astronómico, basta pararem, pensarem, e olharem para o 
que faziam e o que estão neste momento a fazer, seja nas aulas ou no dia-a-dia. Para 
uns maiores, para outros mais pequenas, mas as diferenças são visíveis e no final, 
vão ter orgulho das horas que passaram na piscina a trabalhar, a suar, a queixarem-se 
que estavam cansado mas mesmo assim não desistiram, porque qualquer dificuldade 
ultrapassada é uma meta alcançada!!! 
Como amigo, agradecer a oportunidade de vos ter conhecido! São fantásticos. 
Como aluno, sinto-me na obrigação de agradecer pela terceira vez neste pequeno 
testemunho, pois num processo de aprendizagem contínua, esta é mais uma 
experiência em que estou a aprender e a evoluir como profissional da área do 
Exercício e Saúde, e vocês já fazem parte do meu desenvolvimento. 
Todo o trabalho que está a ser desenvolvido tem passado por várias mãos e a 
competência e profissionalismo de quem lida com vocês, seja com maior, ou menor 
frequência, é uma mais valia para todo este processo. Obrigado a todos, sem 
exceção, que estão do lado de cá. O mérito do desenvolvimento dos alunos também é 
vosso!!!” 
 
Um grande abraço, 







Appendix 12: Yazigi F, Espanha M, Vieira F, 
Messier SP, Monteiro C, Veloso AP: The PICO project: 
aquatic exercise for knee osteoarthritis in overweight and 









































































Appendix 13: Yázigi F, Carnide, F. and  Espanha 
M. Development of the Knee OA Pre-Screening 






















































Appendix 14:  Yázigi, F, Espanha, M., Marques, A., 
Vitorino, J., Silva, I., Sousa, M., & Cunha, C. (2012). Predictive 
Factors of 6MW Test in Obese Individuals with Knee OA 
(abstract). Acta Reumatol Port, 37(Suppl), 66-67.  
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